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Electronic 
Sub-Assemblies 


These sub-assemblies provide the shortest route from 
block diagram through breadboard models and proto- 
types to complete equipment. 


the shortest route 
from block diagram 


Each sub-assembly is a complete circuit of proven 
reliability, thus releasing the designer from detailed 
circuitry, life-testing and proving problems. 

In addition to supplying standard wnits, Mullard 
Equipment Limited will also design and build sub- 


assemblies to meet individual specifications. 


to complete equipment 


the first four types available from Mullard Equipment Limited 


Pre-set Counters for 
Industrial Control 88930 


Up to 10 different switches can 
be fitted to each of these plug- 
in units, designed for multiple 
programmes in industrial con- 
trol. Counting speeds up to 
2,000 per second. 


MULLARD EQUIPMENT LIMITED 


“Norbit” Building Bricks for 
industrial Control Systems 
YL6000 


These units incorporate static 
switching using transistors as 
the basic switching element for 
logic design for application in 
industrial control systems. 


A COMPANY OF THE MULLARD GROUP 


“ Combi-Element” Building 
Bricks for Electronic 
Equipment B1 649 


This range of compact complete 
transistorised circuits, includes 
flip-flops, emitter followers, 
gate circuits, multivibrators, 
inverter amplifiers, etc. 


Tick No 3 on reply card for further details 
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EIT Counter Modules for 
Instrumentation 88929 
Plug-in Decade Counting Units 
designed for high speed count- 


ing, capable of speeds up to 
100,000 per second. 


Mullard House, Torrington Place, London, W.C.1 
Telephone: LANgham 6633 
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PUBLISHERS COLUMN 


{ GUIDE TO CONTROL 


The buyer’s guide in this issue is the re- 
sult of many months’ hard work. We sent 
out a large number of forms asking firms 
to tick off their products. The listing of 
the firms was done automatically by 
I.C.T., and the work involved after we 
had received the questionnaires back 
from the firms was quite small. The hard- 
est jobs were the compilation of the 
master product list and persuading firms 
to send the forms back to us. 

Apart from those who failed to return 
brochures because of lack of interest, we 
had about fifty completed forms returned 
neatly ticked, but with no identification. 
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The human heart is tougher than you think. In South The guide covers eight hundred firms, 
Africa a few years ago, a knife penetrated the right classified into six hundred and forty head- 
auricle of a man’s heart—yet he lived. No wonder they call ings of control equipment. Apart from 


the heart the miracle pump of Nature. In a less this supplement we run a reader enquiries 


service for more detailed information on 
any of the products. 

A thing that caused us some delay was 
the time required for the large firms to 


dramatic degree there is the robustness of the pumps 
that we produce—for example, the Metripump 
type ‘G’. It not only incorporates many unique features of 
design, it can also be supplied with special motors, remote 
stroke variation, automatic speed variation, etc. 


And what a fine endurance record our Metering Pumps fill in a form. Eight extensive organiza- 
possess. Many of them have been working smoothly without tions were six weeks late with their en- 
complaint for over 20 years—often in the most tries; their explanation was that they had 
atrocious climatic conditions. Behind every to send the form to all their subsidiaries. 

Metering Pump we produce is a first-class After-Sales It almost seems that some of the parent 
service; and here’s something else to remember; all our companies do not know what their off- 


Sales Representatives are qualified to service any spring are making ! And one further ex- 


ample came to hand recently when we 
received a form from a very large manu- 
facturer of electrical equipment; it had 
only ten entries and had taken two 
months to complete. Was their Head 
Office so completely in the dark? 
We had many other worries but we 
think that it has been worth while. There 
may still be few headings that need im- 
provement and if you have any comments 
—complimentary or otherwise—do please 


pump we produce. Ask us for Publication 111. 


Metering 
Pumps 
Linmitec! 


21, The Mall, Ealing, London, W.5. Telephone: EALing 4024 (PBX) 


Telegrams: Metripumps, London, W.5. ; 7 d tell 
Cables: Metripumps, London. write in and tell us. 
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The increasing output 
of Semiconductors high 
frequency transistors 
from the new automatic 
plant at Swindon is al- 
ready resulting in more 
economical production. 
These economies have 
made possible a sub- 
stantial reduction in 
prices and the introduc- 
tion of very favourable 
quantity terms. 


Send to-day for a copy of the 
new High Frequency Transis- 
tors price list. 


CHENEY MANOR 


SWINDON - WILTSHIRE 


Telephone: Swindon 6421/7 
Telegrams: Semicon, Swindon 
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LETTERS TO CONTROL Sir! 
Tick No 94 on reply card for further details The Editor welcomes correspondence for publication. e 


WHATEVER THE ANGLE eee ees wc com v2 


Lamb of Cambridge in the latest issue of CONTROL. 

In preparing my article on Polarography* I admit I 

| Was somewhat handicapped by the need to condense 
such a wide subject into 3500 words. As I stated in 
| the text, the article was ‘only intended as a brief 
introduction ° to the subject. In the interests of brevity, 
therefore, I have undoubtedly missed out a number 

of important facts and I would agree with Mr. Lamb 

that one of these is the development of the Univector 
attachment for use in A.C. Polarography. It is quite 

= true that the Cambridge Instrument Co. have made 
eo | important contributions to the science and technology 
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A R 7 oO N A IR . | of polarography from the very early days and I would 
s 4 a 8 : ask them to accept my apologies for omitting to men- 

Sa tx: ae tion this in my recent article on the subject. 
— ’ ag B.S1.R.A., Chislehurst D. G. ANDERSON 
* CONTROL, August, page 80 
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Should we count civil engineers ? 


SIR: I hestitate to re-enter the pages of CONTROL so 
soon after handing over the editorial reins. But since 
I was originally responsible for the article* which dis- 
mayed Mr. Whitehouse, I should like to comment 
briefly on his lettert. Certainly some professional 
civil engineers are interested in automatic control, 
particularly those concerned with public utilities such 
as water, sewage and gas works. Yet true civil engin- 
eering, unlike control engineering, looks more towards 
the statics than the dynamics of a system. 

Indeed, civil engineers engaged on control system 
work are probably better thought of as ‘ engineers’ 
or ‘ professional engineers’ than either ‘civil engin- 
eers’ or ‘control engineers’. I suspect that the num- 
ber of corporate members of the Civils, not also cor- 
porate members of the Mechanicals or Electricals, 
who consider themselves * control engineers ’, could be 
counted on the fingers of one hand, if not on the 


M : thumb alone. 
I n Oo r + Blackie & Son Ltd. CHRISTOPHER T. RIVINGTON 
* CONTROL, September, page 79 


Standard and feowmor, October pase 79 


Cry from the heart 


SIR: In your editorial of the October edition (of 
CONTROL), you blithely advocate yet another subject 
to be included in the student engineer’s academic syl- 
labus, as if there aren’t enough already! I suppose 
technological education is the popular sort of thing 
for engineering journalists to write about these days, 
but will articles such as your editorial be of much 
effect? As a recent graduate in electrical engineering, 
it seems to me that the Universities’ and Technological 
Colleges’ Authorities are not lacking in knowledge of 
which subjects are desirable to include in engineering 
courses (my own college included ‘Economics for 
Engineers’ as an optional subject in a number of 
courses), but their frightful problem is, which sub- 
jects to exclude! 

What needs far more critical examination these 
days, by such journals as CONTROL—if it purports to 
be interested in the real problems, present and future, 
MARTONAIR LIMITED of control engineers and not just to ride on the wave i 

is of popularity—is the type of education received, before 
PARKSHOT : RICHMOND-- SURREY and after the usual college course, especially the lat- 
Telephone: RiChmond 2201 ter. Unless we are going to tie our University engin- 


Continued on page 97 


Pneumatic 
cylinders 
are right 
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PILOT POLICY 

is to supply— 

(1) Top limit 

(2) Super finish 

(3) Exceptional hardness 
(4) Long life 


Tick No 95 on reply card for further details 
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Contined from page 95 
Tick No 96 on reply card for further details 


(LS eering departments firmly to industry, i.e. turn them 
completely into factory technical colleges, it is inevi- 
table that engineering graduates and many post Dip. 
< Tech. students will want further training in industry. 
Control C=) Engineers There are special technical subjects e.g. logic circuits 
BAS which some engineers must learn about and it is argu- 
ae able that there are many subjects e.g. management 
studies, which to be of any real value are best learnt 
TWICE THE LIFE with about in industry, because the problems can there be 
far better appreciated by the students. The extent of 
y . , this further training depends on the answer to the 
ARCA single seated Valves yet unsolved problem, — we going to have extended 
i traditional college course with short post graduate 
CRUSC. 2-2 - 2 ee eee oe training, or keep the present length of college courses 
and extend post graduate training. Since the govern- 
ment finances most students to a greater or lesser 
degree these days, its apparent lack of funds is caus- 
ing the latter course to be increasingly adopted. There 
is a lot to be said for this, for other than financial 
reasons, viz.: more than three or four years is a long 
time in the life of a young student; a student will 
probably not need to recall much of the wide know- 
ledge gained in an extended course in later life, but 
will want certain specialised knowledge, the require- 
ments of which he will only know after leaving col- 
lege. If the other course is to be adopted there is a lot 
to be said for industry financing far more engineering 
undergraduates. 

In concluding, I admit that the basic education re- 
quired by the student engineer is very wide, but it 
isn’t much use cramming it all down his throat and 
giving him intellectual indigestion before he starts 
work. Better surely, to provide a situation in which he 
can obtain further training and information when he 
realises he needs it. 

Hayes, Middlesex J. A. WATSON 
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. . . . of the fundamental advantage 
over other designs in that the seat is 
protected from cutting. Throttling 
takes place at ports in the outer 
liner and not across the main seat. 
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. - ALL sizes : in.. to 10 in. 
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Come, come Mr. ‘Scryer’ 


SIR: ‘Scryer’, whose article ‘Quo Vadis?’ appears 
in your November issue, seems to feel that our present 
political masters do not appreciate the importance of 
the scientist in modern life. He feels that we ‘ vitally 
need leaders trained in science, people in high places 
who can etc., etc., ...’. My own admittedly some- 
what limited dealings with men of science have not 
given me such a high opinion of the breed that I 
would be prepared to see them dispose of much more 
power than they have at present. In my experience the 
scientist is too often a somewhat narrow-minded per- 
son with a liking for ivory towers, and little adminis- 
trative ability—that is if he is any good as a scientist. 

Come, come Mr. ‘Scryer’, the new Minister for 
Science may not be an Einstein, but his lack of a Ph.D. 
need not necessarily mean a lack of sympathy with 
scientific aims. 


Oxford LAURENCE GRIFFITHS 
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At one with Nature 


SIR: I have just seen the November issue of your 

magazine and I thought that I would write to you on 

one small mistake which appears to have been over- 

looked. 

re ee ee In the table appearing in Mr. J. C. Wells’ article 

Sisson Road, Gloucester (Gloucester 24901) ‘Hydraulic Oils for Power Transmission ’ our name is 

London Office: 25 Victoria St., S.W.1. ABBey 4121 : given as ‘ Vacuum Oil Co. Ltd.’—we are, of course, 
: now known as ‘ Mobil Oil Company Ltd.’, our name 

having been changed in January 1956. 

Mobil Oil Co. Ltd. W. WIGGANS 


Write for further information 
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New oscillograph 1059 








*TRUE 


* 


there is no beam switching. 


CATHODE-RAY TUBE 

Cossor 4 in. (10 cm.) double-beam, p.d.a., 
type 93D with green fluorescence, operating 
with overall accelerating potential of 3 kV or 
6kvV. 


Yi AMPLIFIER 

1 c/s to 10 Mc/s (30% down). 

Rise-time : 0.04 psec. 

Output deflection : 6 cm (4 cm at 10 Mc/s). 
Sensitivity : calibrated 100 mV/cm to 10 V/cm. 
Sensitivity control : in steps 3:1 and 10:1 with 
continuously variable intermediate control. 
Input Attenuator impedance: 1.2 MQ and 


65 pF. 
Y2 AMPLIFIER 


Identical with Y1 amplifier. 


SIGNAL DELAY 


200 mysec approximately. Not more than 
10 musec differential between channels. 


PRE-AMPLIFIER (2) 

Gain 10. 5 c/s to 200 kc/s (30% down). 
Input Resistance: 3 MQ. 

One for Al amplifier, the other for A2 or X 
amplifier. 





ADVANCED 


DOUBLE-BEAM 
OSCILLOGRAPH 


True double-beam—i.e. both 
beams use a common x-axis and 





PROBES (OPTIONAL EXTRA) 


Frequency-compensated “L’’ attenuator. 
Input impedance: 6 MQ and 15 pF. 
Insertion loss: 10:1. 


TIME-B ASE 


Triggered. 

Range: 0.03 usec/cm to 15 msec/cm in eleven 
steps. Triggered from positive or negative 
signals derived externally or from Y1 
amplifier. 

Sensitivity: pulse—1i cm. deflection or 2 V 
external. Sine wave—2 cm deflection or 2 V 
r.m.s. external at frequencies up to 5 Mc/s. 
Expansion amplifier, continuously variable 
gain up to 5 times. Time-base output avail- 
able at front panel on slow speed ranges. 
Delayed time-base: continuously variable 
delay 2 psec to 150 psec. Delay jitter not 
greater than | part in 1,000. Sensitivity pulse 
—1 cm deflection or 2 V external. 


X AMPLIFIER 

10 c/s to 750 kc/s (30% down). 

As time-base amplifier : continuously variable 
expansion up to 5 times. 

As independent X amplifier: sensitivity vari- 
able from | V/cm to 100 V/cm in 5 ranges. 


COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.5. 


Telephone : CANonbury 1234 (33 lines). 


Telegrams: Cossor, Norphone, London. 


98 Tick Ne 97 on reply card for further details 








Cables: Cossor, London. 











CALIBRATION 

Voltage measurement: internal calibrating 
voltage (square wave) referred through sensi- 
tivity control of the amplifiers. Accuracy - 3°%. 
Time measurement: by directly calibrated X 
shift control (+5°%) and/or by 20 musec(+ 3%) 
black-out pips (for accurate measurement of 
rise-time). 


POWER SUPPLY 

Mains: 100 V to 130 V and 200 V to 250 V. 
Frequency : 50 c/s to 100 c’s. 

Consumption : 550 W. 

Internal supplies are stabilized where neces- 
sary. 


SIZE AND WEIGHT 


Height: 174 in. (43.2 cm). 
Width: 12 in. (30.5 cm). 
Depth: 24} in. (62.9 cm). 
Weight: 80 Ib. (36.3 kg). 
ACCESSORY 


Camera Model 1428. 


(OSSOR INSTRUMENTS LTD 


The Instrument Company of the Cossor Group 


Code: Bentley’s Second. 
TAS/CI. # 
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Worlds to Conquer 


HE editor of a technical paper is prone to 
open the more highly-flown and philosophi- 


cal of his leading articles with some kind of 
modest disclaimer. ‘Although this is a strictly 
technical journal’ he may begin, or, * Unpolitical 
as we are, it will not come entirely amiss if. . . .” 
Then, his conscience salved, off he can trot on his 
hobby horse. 

We shall not here try to disarm our readers in 
this way. It is true indeed that, ‘strictly’, we are 
a technical journal, and we are glad of it. But 
the technique that we deal with is one of far- 
reaching and fundamental importance. The logic 
which the control engineer has learned to apply 
so skilfully to his systems is universally valid. The 
mathematical studies that he pursues are relevant 
not only to mechanical and electrical but also to 
economic and (dare we breathe the word?) politi- 
cal systems. Wherever the stability and optimum 
performance of a dynamic assembly is sought, 
there the analytical methods of the control en- 
gineer can most fruitfully be brought to bear. A 
paper like CONTROL would therefore be untrue to 
its title if it confined itself bigotedly to inanimate 
matter. 

On every hand we see that technologists are 
recognizing the folly of rigid separation between 
the study of machines and the study of people. 
Look, for example, at the humanistic titles of 
some recent lectures to the engineering institutions. 
Each of these addresses was delivered before an 
audience of hard-headed professional engineers, 
every one of them presumably knowing the right 
name for a spade. So we feel that we are keeping 
good company when we venture occasionally along 
a by-path, riding one hobby horse or another (like 
our brother editors), and doing so to good purpose. 
Besides, December is a fine month for horses and 
philosophy, both of them quaint and traditional 
as the Christmas season demands. A fortnight 
away from the Christmas holiday as we are, our 
thoughts cannot but be touched by it, and three 
weeks away from the year’s end, we cannot but 
think of a year nearly gone and the annual stock- 
taking that will follow. 

Now annual stock-takings may assume many 
different forms. One of these is a review of the 
year as a member of an evolutionary progression, 
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and another is a review of the year simply as 
humanity’s latest attempt in the unchanging task of 
living the good life. To us it seems that, at Christ- 
mastime, the latter is the most appropriate kind of 
assessment. Looked at in this light, has 1959 been 
very special? Some astounding things have 
happened in it, things that a few of us have in- 
cautiously predicted were not for our own lifetimes 
at all. We refer of course to the feats of spatial 
exploration, more notably by the Russians. Spec- 
tacular and magnificent achievements they have 
been; but, it may be said, strictly material in their 
significance. Indeed, the most dramatic of them 
have been the accomplishments of a harshly 
materialistic state, disavowing all spiritual values. 
Are they therefore irrelevant at Christmas? We 
would argue that they are not. 


In past ages, in the whole of recorded human 
history before the industrial revolution, lust for 
power has vented itself in the dominion of one 
man over another, or over many others. Notori- 
ously, a highly developed moral sense is given 
to only a_few, and by no means always as an 
accompaniment to intelligence or strength of mind. 
Able and hard-willed men, clever in the mani- 
pulation of their fellows, have thus become greater 
or lesser tyrants, more or less vicious in their 
exercise of power according to their lesser or 
greater endowment of conscience. 


To-day it is possible for ability and strength, 
however unallied with moral sense, to find greater 
satisfaction in the acquisition and exertion of 
power over the material world than over humanity. 
Our electrical slaves are better than whipped 
Africans, our servomechanisms more potent than 
beaten serfs. Here, we suggest, may be the great- 
est gift conferred by technologists upon mankind, 
and the greater part of this gift may well be the 
contribution of the systems and control engineer. 


Men are both communal and competitive, so 
naturally their communities compete. How much 
better it is that they should compete in the tech- 
nological conquest of the universe, and not of 
each other. So may come at least peace, if not 
goodwill. And if the richest and mightiest spend 
themselves in colonizing the heavens, then per- 
haps the meek will more quickly inherit the earth. 













Designers of production machines specify 


MAXAM 


for Quality and Precision 


Ports Tapped BSP 










Compression Spring 


Valve Member 





Return-spring Guide Housing 


Chromed and Polished Bore 





Sleeve Drillings 





Control Lever Knob 


Close-tolerance ‘0 Rings 





This sectioned lever-operated valve is typical of MAXAM detailed design for high- 
efficiency operation, and scrupulous attention to all features that guarantee complete 
reliability with minimum maintenance. 


* Valve Member — designed and machined to provide 
maximum strength whilst offering minimum resistance to 
air flow. 


* Return-spring Guide Housing — assists spring to provide 
true axial thrust when returning valve member, thus 
preventing side wear on packings. 


* Control Lever Knob— available in colour for identification 
purposes. 


* Ports Tapped B.S.P.—with tube form providing an airtight 
seal for 4%” and 4” o/d copper tube on }” B.S.P. and 
4” B.S.P. valves respectively. 


* Chromed and Polished Bore—for improved wear 
characteristics and exceptionally low frictional resistance. 


* Close-tolerance ‘O’ Rings—these are specially 


manufactured to provide positive sealing within 
recommended pressure range. 


For completely reliable operation 
with maximum economy—specify 


100 Tick No 98 on reply card for further details 








* Sleeve Drillings—specially machined and polished to 
reduce packing wear to a minimum and provide maximum 
air flow. 


* Compression Spring — of adequate proportions to ensure 
positive action. 


* Side Plates —reversible for alternative operating conditions. 
* Link Pin—ensures positive direct action. 
66°., of current production in machine shops is for companies whose 


designers — with experience of MAXAM product quality, performance 
and reliability —have planned their future flow production machines 


with MAXAM Fluid Power Equipment in mind ! 
c 
4 


MAXAM POWER LIMITED 


Camborne, England. Telephone: Camborne 2275 (10 lines) 
London Office: 44 Brook Street W.1. Telephone: HYDe Park 9444 

A company in the Holman Group which has branches, technical representatives and 
agents throughout the United Kingdom and the world 


Fluid Power Equipment MAS 
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A monthly article by a promin- 


INDUSTRY'S VIEWPOINT ent man in the control industry 


on a subject chosen by himself 















A HIGHLY 


Sima's President, L.A. Woodhead, 
Director and General Manager of 


Cossor Instruments, speculates 
onthe form of ... 


INSTRUMENTED FUTURE 


During the past fifty years or so, more scientific 
equipment has been developed than in the whole 
of history, and none of it could have come to 
fruition without instrumentation—instruments for 
research, for production test purposes, and the 
location of faults. Many ideas are now so ad- 
vanced that suitable instruments must be made 
before work can proceed. This is particularly true 
of the electronic developments which are essen- 
tially and solely of this century, although new 
ideas are still pouring out from the older chemi- 
cal and optical industries. 

More and more, we reap the benefits of scien- 
tific discoveries in our everyday lives. Man-made 
fibres, plastics, rapid transport, broadcasting— 
both aural and visual, all are now so much a 
part of man’s existence, that a return to the con- 
ditions current at the turn of the century is quite 
inconceivable. In all these ventures instruments 
have played a vital part, for they provide the 
methods of sensing, measuring, indicating and 
controlling, without which no progress can be 
made. 

In recent years the pace has been quickened by 
the excursions of earth-made bodies into outer 
space. The evidence that is being sent back by 
artificial satellites and other vehicles is already 
producing a vast bibliography more reminiscent 
of the works of Jules Verne than of prosaic 
twentieth-century fact. What next? 

Will a living person be landed on the moon 
and exist there? If the moon can be conquered, 
are the planets also to be explored? The mind is 
both overwhelmed by these possibilities and 
humbled by the vast extent of outer space. 
Already signals have been received by the radio 
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telescope at Jodrell Bank—which Professor Lovell 
himself describes as a gigantic scientific instru- 
ment—from a galaxy which is 2000 million light 
years distant. 

Coming back to earth, the tendency is to mea- 
sure smaller and smaller things, moving faster 
and faster. Measurements in milli-microseconds 
are becoming commonplace and no doubt we shall 
soon use micro-microseconds. Some chemical 
analyses indicate the presence of one part of im- 
purity in ten million parts. Electric current may 
now be measured in micro-micro-microamperes. 
And so the story goes on, with instruments 
achieving an increasing importance in their own 
right. 

In more everyday matters there will be new 
man-made fibres, the range of applications for 
metals and plastics will be increased, especially in 
the regions of high temperatures, newer forms of 
luminescent lighting will be developed and higher 
frequencies will be used for broadcasting—all will 
require new instruments ! 

Might it not be possible to control, with the aid 
of punched tape say, trains, ships, aircraft or even 
motor cars, so that a crew is not necessary, and 
sensing devices eliminate the possibility of colli- 
sion? Might it be possible to. feed the human 
mind forcibly with the accumulated knowledge of 
centuries without the effort of studying? Whether 
or not such ideas are feasible, they can only come 
to pass if instruments assist in their design and 
operation. 


nena 













The Russians will overtake us, say a team 
of six British engineers who visited the 
U.S.S.R. last May. Here one of the mem- 
bers of the team reviews the report that 
has just been published by the D.S.I.R., 


and adds some of his personal impressions 


Automatic control 


by A. ASBURY, 3.SCc., M.1.E.E. 
Chief Engineer, Kidsgrove Works, English 





A REPORT ON THIS SUBJECT HAS JUST BEEN ISSUED* BY 
the D.S.I.R. It deals with the information obtained 
by a team of six engineers, led by Professor Tustin, 
who, in May of this year, visited the U.S.S.R. to dis- 
cuss automatic control in industry. The visit was 
arranged by the British Council with the help of the 
Institution of Electrical Engineers, and was a return 
visit for one of six Soviet engineers who came to this 
country in December 1958. This Russian team was 
drawn largely from the Institute of Automatics and 
Telemechanics, and was led by Professor B. S. Sotskov. 


These were the members of the team that 

visited Russia in the two weeks between 

17th and 31st May, 1959: 

Professor A. Tustin...Department of Elec- 
trical Engineering, 
Imperial College 

A. J. Youmg...:..0000 Head of Central In- 
strument Laboratory, 
L.C.1. 

A. Agbury............00s Chief Engineer, Kids- 
grove Works, English 
Electric Co. 

R. H. Tizard............Consultant 

S. S. Carlisle.........00 Head of Physics De- 
partment and Deputy 
Head of Mechanical 





Working Division, 
B.1.S.R.A. 

P. H. Hammond......! National Physical 
Laboratory 





The D.S.I.R. report gives a directory of institutions 
visited and persons met, so that future visiting engin- 
eers may get in touch with them. In all, discussions 
were held at seven research institutes, three educational 
establishments, two computing centres, and visits were 
made to four factories. In addition visits were made to 


.* Automatic Control in Soviet Industry’, available from The Hon. Sec., 
Group B, British Conference on Automation and Computation, c/o Institution 
of Electrical Engineers, Savoy Place, London, W .C.2. 
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Moscow University 


in Russia 





Electric Co. 


an experimental laboratory of the Institute of Psychiatry, 
a nuclear power station and an administrative depart- 
ment of the Ukrainian Academy of Sciences. 

The main purpose of the visit was to explore the 
work in automatic control, but the breadth of the sub- 
ject and the country could scarcely allow this to be 
exhaustive. It was, however, possible to arrive at cer- 
tain firm conclusions. 


The team’s conclusions 


There is progress in the Soviet Union in most of the 
fields of industrial control, and analogue technique and 
digital computers are used as required. Although, pos- 
sibly, this work is not far advanced in some fields, there 
is considerable activity in control in the steel industry, 
in telemetry, and in connexion with electric power 
systems with long transmission lines. This follows the 
special need of the Soviet Union, and it may be ex- 
pected that in these fields they will advance rapidly. 
Although in some cases, work is being carried on by 
different institutes, the ease of publication and the 
central control seem to eliminate much of the overlap- 
ping. The publication of research work seems to re- 
place as far as possible the facilities of interchange car- 
ried out in this country by the Institution of Electrical 
Engineers. 

Organizations are being built up for further develop- 
ment in automatic control, and although these have 
only been in existence a few years, they are already be- 
ginning to make noticeable contributions. However, the 
potential contribution of these establishments, with 
their well equipped research organization and large 
number of engineers is very much greater. For this rea- 
son alone it would not be wise for engineers to neglect 
opportunities of keeping in touch with developments in 
the U.S.S.R. 

Our observations in the education field confirmed 
that engineers necessary for the expansion of research 
effort are being trained. We were told that 83,000 stu- 
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dents graduated in engineering in 1958, and the cen- 
tralized planning probably ensures that these engin- 
eers will be ready to meet the expansion of the labora- 
tories. The connexion between teaching, research and 
industry is good, and with the Russians’ larger research 
groups it must be expected that in a very short time 
the applications of automatic control in industry will 
overtake those in this country. Although the engineers 
will then be breaking new ground, there is little reason 
to suppose that their rapid rate of advance will be 
arrested. 

These speculations lead to the conclusion that it will 
be increasingly useful to maintain communications with 
Soviet Russia in the field of automatic control. An 
excellent opportunity for this will occur at the Con- 
ference of the International Federation of Automatic 
Control to be held in Moscow in July 1960. 


Other points in the report 


The arrangements made for the visit are examined 
critically in the D.S.I.R. report, and suggestions are 
made to improve the information exchange during 
future visits. Two of the main points are discussed in 
more detail below: the report also includes notes on a 
discussion with Mr. S. Alexander of the U.S. Bureau 
of Standards, who was leading the second team of 
computer experts to visit the U.S.S.R. Professor A. 
Tustin was able to visit Warsaw on the return journey, 
and a report on his visit is also included. Finally, the 
report contains details of the work seen and discussed, 
so that those engineers wishing to follow up particular 
items may have some data on the present stage of deve- 
lopment. 


How the programme was arranged 


Some weeks before the visit, members of the team 
were asked to give their special interests in the field of 
automatic control. From then on the arrangement of 
the programme was entirely in the hands of the Aca- 
demy of Sciences. The list of institutes to be visited 
was received for the first time on the second day of 
the fourteen-day visit. At this stage it was very late to 
make changes to the programme, but this was done in 
some particular cases. We also found that it was ex- 
pecting too much that our guides should have the de- 
tailed knowledge of the work carried out at each 
institute in our special subjects. In one institute, the 
director had arranged that a list of projects in hand 
was available in English, together with the names of 
the engineers and scientists involved. This was a tre- 
mendous help in ensuring that we made the best use 
of our time, and such information available some weeks 
before a possible visit would ensure that the time of 
both Russian and British engineers was used to the best 
effect. 

Some changes in programme were made to suit our 
needs more exactly, and on a number of occasions, the 
team split into two so that two lines could be followed 
at once. On only one occasion was it necessary to can- 
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cel a visit. This involved the Electrosila plant in Lenin- 
grad, and the manager of the plant asked to be excused, 
since he had unexpectedly been asked to entertain a 
large delegation from China. 

One is tempted to ask for a list of projects, and of the 
names of the engineers and scientists responsible, which 
would greatly facilitate exchange, but one has to bear 
in mind that anyone faced with preparing such a list 
for this country would also have his difficulties. 


The language curtain 

Experience during the visit seems to indicate that 
language is by far the most formidable curtain we have 
to encounter. During this exploratory visit only about 
one third of the time was usefully spent. Each visit had 
to be prefaced by a description of the work carried out 
by the institute, usually given by the director or assist- 
ant director, and this then had to be translated into 
English. It was then necessary to clear up various points 
arising in this translation, since it was difficult for even 
our first-rate interpreter to appreciate all the finer points 
of the special techniques discussed. Only after these 
preliminaries was it possible to get down to discussion 
of detail of the various projects involved, and so obtain 
the information given in the report. In all discussion of 
this kind the language barrier was a formidable obstacle. 
As soon as the formulae and diagrams came in, it was 
much easier to see the point of the discussion. 

It is easily overlooked that a knowledge of the Rus- 
sian alphabet is necessary, even to be sure of the names 
of the engineers present during a discussion. Also it is 
useful to learn both the printed and the written char- 
acters, since these are not all easily correlated. Where 
one of the Russian engineers was able to speak English 
fluently, the transmission of information was improved 
enormously, and we must pay tribute to the patience 
of the engineers throughout our visit, in their efforts 
to make sure that we understood their answers. 

In future visits one might expect that discussion 


The British team at Moscow University. Left to right, P. H. 
Hammond, A. J. Young, Professor Tustin, S. S. Carlisle, R. H. 
Tizard and A. Asbury 










































Professor B. S. Sotskov says good-bye to Professor Tustin 
at Moscow Airport. Golubenkov the interpreter looks on 


would be on a narrower front, and this would make it 
much easier to obtain information once the source of 
the information has been found. Covering a very wide 
field made it difficult to deal with all the subjects that 
were of interest. Bearing in mind the other conclusions 
of the report, it is only possible to deduce that all en- 
gineers who wish to keep abreast of their field must 
learn at least to translate from Russian. 


The principle of reciprocity 


In the visits made it was clear that Professor Sotskov 
and the Institution of Automatics and Telemechanics 
had done their best to provide an exact counterpart for 
their own experience in this country. It must be under- 
stood that this principle of exact reciprocity will govern 
all discussion which takes place with the U.S.S.R. in 
technical matters. Only when both sides feel that they 
are gaining benefit can such exchanges be successful. 
With the different organization of industry in the two 
countries in mind, it must be expected that for future 
exchanges to be of benefit the field to be covered will 
have to be defined exactly. Only as engineers begin to 
know each other personally, and confidence grows, can 
the exchange of information become more complete. 


Organization of research 


It is not possible to visit the U.S.S.R. and see the 
well-equipped laboratories and high grade of personnel 
in them without considering their organization for re- 
search. In addition to research in the universities and 
the technical institutes, a whole field of endeavour is 
covered by the institutes under the Academy of Sciences 
of the U.S.S.R. This body enjoys high standing in 
the U.S.S.R. and is organized by the academicians 
themselves directly under the Council of Ministers. A 
parallel in this country would be research institutes 
directed and organized by professors who were mem- 
bers of the Royal Society, and financed by government 
grant. While universities in the U.S.S.R. restrict their 
attention to pure science, and applied science is the 
field of the technical institutes, the Academy of Science 
covers all fields. One of the major factors in the suc- 
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cess of these research institutes, quite apart from 
finance, is the prestige enjoyed by the academicians, 
directors and professors. This prestige is also matched 
by financial reward, and it is not surprising that more 
than half of the university graduates in the U.S.S.R. 
graduate in science. 

A further analogy may help to make this clear. The 
institutes of the Academy of Science are rather like 
universities, consisting entirely of post-graduate students 
directed by their professors. They also have very gen- 
erous government finance. Truly a formidable combina- 
tion. 


Other impressions 


Although the main purpose of our mission was tech- 
nical, there is great interest in the Russian people them- 
selves, and I make no apology for including some im- 
pressions of Russian life. 

It must be remembered that the team were guests of 
the U.S.S.R. and as such were entertained in the 
Intourist Hotels throughout. On no occasion did the 
engineers visit the homes of their Russian counterparts, 
and it is impossible therefore to compare the intimate 
life of the Russian engineer with that of his equivalent 
in this country. 

Our reception throughout was very cordial, and there 
is no question that the Russian engineers were only too 
anxious to discuss their technical problems with us. 
Although the expressions of the Russian desire for 
peace were made on formal occasions, our experience 
with the engineers we met left us in no doubt that 
these were quite sincere. In each of the three cities 
that we visited (Moscow, Leningrad and Kiev) there 
was ample evidence of flat building for work people. 
In Moscow particularly, the building effort was prodi- 
gious, and many blocks of flats were under construction, 
each with its crane. 

In a very small number of years, Moscow will be 
rather a puzzle architecturally. Early Russian buildings 
have been restored, irrespective of their origin, and 
there has been intense building activity since 1919. This 
latter is in a style which reminds us of the late Victorian 
era, but it is built to last, and gives a characteristic 
appearance to the university, and Hotel Ukraine, and 
other large modern buildings. The large blocks of flats 
are somewhat rectangular and utilitarian, but doubtless 
furnish at minimum cost the housing so badly needed. 
Of the period between these two there will, however, 
appear to be little to show. In Russian eyes this can be 
only a small sacrifice for a city which has no traffic 
problems, and in which petrol stations of the type we 
know of in this country are conspicuously absent. 

Moscow treated us kindly for the first few days, with 
temperatures around the seventies, but then suddenly 
betrayed us with a cold spell down below freezing. 
With a city at the same latitude as Edinburgh, this was 
perhaps not surprising for the end of May. 

Finally, I must record that I was able to use my 
camera freely as I wished. 
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Gas is being made, used and distributed in 


new ways, and these bring new problems. 





Modern methods of control help to solve them 


Getting over problems 


in the gas industry 


by R. E. CLIFFORD 


MODERN TRENDS IN THE GAS INDUSTRY HAVE INTRODUCED 
a number of control and instrumentation problems. In 
addition to the traditional methods of producing gas 
from coal, various waste products from refineries and 








Fig. 1 Sigma-Kent controlling calorimeter 
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London Research Station, Gas Council 


oil fields are now being used to supplement the supply. 
The tail gases previously ‘flared’ to waste are now col- 
lected, purified and piped at high pressure from several 
refineries to convenient gas-making stations, where they 
are ‘reformed’ in special plant to produce a gas suit- 
able for district use. Another method that has been 
much publicized is the liquefaction of methane from 
South American oil fields and its transportation in spe- 
cial tankers to Britain, where it is converted back to 
gas and treated in the same way as the refinery gases. 
Liquefied petroleum gases such as butane are also being 
used in large quantities, with and without air dilution, 
as part of the basic supply and as peak-load reserve 
capacity (/). 

Other trends in the industry, such as the integration 
of supply systems and the expansion of large works at 
the expense of smaller uneconomical plants, have also 
enabled advantage to be taken of modern control 
methods. 

The various control applications described in this 
article may be roughly divided into three sections. The 
first of these covers the control of gas quality, a general 
heading which includes calorific value, specific gravity, 
heat input and the properties of aerated flames. The 
second section covers the control of gas after combus- 
tion. By analysing the products it is possible to control 
the gas and air supplies to furnaces, etc., to give the 
most efficient performance. The last section describes 
the various methods of controlling the gas flame in 
appliances. 

QUALITY SPECIFICATIONS 

In order to understand the need for control of gas 

quality it is necessary to give a brief explanation of 
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Fig 2. Control of calorific value of reformed refinery-gas 
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the quality limits, both legal and self-imposed, to which 
the industry has to conform. 

Apart from regulations governing the purity of town 
gas, the basic legal requirement is that of calorific 
value, which has to be maintained to within 5% of 
a declared figure, usually between 400 and 500 


B.t.u./ft®. But this is not the only variable that will 


To 
laboratories 


&) Booster 


Burner head 
(enlarged) 


By-poss To gas-quality 
gas recorders 


Fig. 3 Test layout for 
cone-height controller 


—— Gas of controlled cone height 


affect the performance of gas-using appliances. Specific 
gravity changes will also alter the rate of heat input to 
burners. The actual rate is proportional to a function 
known as the Wobbe index, which is the calorific value 
divided by the square root of the specific gravity. 


Fig. 4 Control room, refinery-gas reforming plant, Romford 
Works, North Thames Gas Board 




















The Wobbe index of the gas in this country varies 
from about 500 to 800, and this range has been divided 
into groups of about sixty units. Every gas supply sys- 
tem has been placed in one of these groups, and the 
output quality is kept within the required range. All 
appliances can be modified to work satisfactorily on 
the group gas available in any area by fitting the appro- 
priate jets or injectors or adjustment of the pressure 
governors. 

Another variable that is likely to affect the perform- 
ance of gas equipment using aerated burners. is the 
aeration number, which can be assessed by measuring 
the height of the inner cone of an aerated flame. It is 
based on an empirical scale of air-shutter openings on 
a standard burner, known as an aeration test burner. 
The aeration number is a property of town gas asso- 
ciated with changes in both the flame speed and Wobbe 
number. The flame speed of a gas varies with its con- 
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stituents; hydrogen is the fastest-burning gas while 
hydrocarbon gases are slow-burning. 


GAS QUALITY CONTROL APPLICATIONS 
Calorific value 


When refinery tail gases are received at a gas manu- 
facturing station the calorific value may vary within 
very wide limits, and in one case a range of 800 to 
2300 B.t.u./ft® has been quoted. After the gas has 
been reformed the resultant calorific value remains 
fairly constant but is too low, and about 20% of the 
‘neat’ refinery gas has to be added to bring the calori- 
fic value up to the required figure (2). This is done 
using a controlling calorimeter of the Sigma-Kent pat- 
tern (3),(4) as illustrated in Fig 1. The control layout is 
shown in Fig. 2. 

The basic measuring element of this system is the 
Sigma recording calorimeter. Gas is fed (at a rate kept 
constant by correcting for changes in specific gravity, 
atmospheric pressure and temperature) to a burner at 
the base of a chimney consisting of two concentric steel 
tubes joined rigidly together at one end. The differen- 
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Fig. 5 Union quick-response Wobbe recorder 












tial expansion of these tubes is a measure of the heat 
content of the gas, and is magnified, through a system 
of levers, to a pen marking a chart. Changes in specific 
gravity and atmospheric conditions are corrected by 
fitting a long vertical tube, after the gas-pressure gov- 
ernor, but before the flow-controlling orifice. The height 
of this tube is such that an increase in gas density will 
increase the pressure available at the orifice and ex- 
actly counterbalance the normal flow-reducing effect of 
such changes. 

Inside the calorimeter is fitted a Kent MK.20 three- 
term control unit which is actuated by the movement of 
the pen away from any set control point. The great ad- 
vantage of this device is that no electronic amplifica- 
tion of the measuring signal is necessary. Any move- 
ment of the pen away from the control setting on the 
recorder changes the air pressure at the control valve 
and automatically alters the position of the latter to 
keep correct the calorific value of the mixed gas. 



















Cone height and Wobbe number 


Every gas appliance sold at gas showrooms in this 
country has to conform to several British Standards, 
and has to be approved by the Gas Council’s labora- 
tories at Watson House, Fulham. Apart from quality 
control tests there are special safety and combustion 
tests which every appliance has to pass. These per- 
formance tests are carried out on a standard gas with 
a Wobbe number of 730, but every appliance must also 
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be able to function satisfactorily at high aeration and 
Wobbe numbers (with possibly incomplete combus- 
tion), and at a low aeration number (when aerated bur- 
ners, such as those used in gas cookers, may tend to 
light back). 

Preparation of these test gases has always been a 
problem, and three control systems have been used to 
produce gas mixtures of any required aeration or 
Wobbe number. Each of these systems is briefly des- 
cribed below. 


Aeration number controller 


This control system has been devised at Watson 
House, from an original idea of the South Eastern Gas 
Board (5), and has proved very satisfactory in prac- 
tice. The test layout for this system is shown in Fig. 3. 
The basic sensing element is a thermocouple fitted axi- 
ally in an aeration test burner. The tip of the thermo- 
couple is placed at the top of the inner cone of un- 
burnt gases. Any change in height of this cone will heat 
or cool the thermocouple, and the change in voltage 
output is recorded on a potentiometer. The movement 
of the recorder pen away from a set control point actu- 
ates a three-term pneumatic control unit, which opens 
or closes one of two diaphragm control valves, admit- 
ting air or propane to dilute or enrich the gas. By 
adjusting the air shutter of the aeration test burner, 
gas of any required cone-height or aeration value can 
be obtained. 


Sigma-Kent Wobbe controller 


This is an adaptation of the controlling calorimeter 
described earlier. No correction for specific gravity 
changes is required for Wobbe control, and the long 
compensating tube has been omitted. Any Wobbe num- 
ber from 500 to 800 can be obtained with this control- 
ler by altering the control-point setting. 


Union Wobbe controller 

In this German device, which has been specially de- 
signed for quick response, a governed stream of gas is 
fed to an orifice and then to an aerated burner. A 
small blower supplies a large volume of air which 
passes a ring of thermocouple cold junctions and then 
mixes with the hot burnt gases. This mixture passes the 
hot junctions of the thermocouples and the increase in 
temperature, normally about 15°C, is recorded on a 
potentiometer directly in Wobbe-number units. For 
control a three-term pneumatic unit is fitted in the 
potentiometer, as in the cone-height controller. The 
controller is illustrated in Fig. 5. 
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A few years of progress have made these authors completely confi- 
dent in this automatic process-control instrument 


Process control 


with infra-red gas-analysers 


by A. E. MARTIN, o.sc., A. M. REID, A.M.BRIT.1.R.E. and J. SMART 


WITHIN THE LAST FEW YEARS THE INFRA-RED GAS- 
analyser has reached a high level of development and 
can now be used with confidence for automatic control. 
The range of such applications may vary from auto- 
matic regulation of ventilation in a vehicular tunnel to 
maintenance of the optimum operating conditions in a 
complex chemical plant. The required speed of opera- 
tion will vary considerably from one application to 
another, being fairly rapid in the former and much less 
rapid in the latter case. The infra-red gas-analyser is 
merely a measuring device and provides a control signal 
with which the quantity to be measured can be main- 
tained at a desired level. 
PRINCIPLE OF OPERATION 

The principle of the infra-red gas-analyser may be 
understood by referring to Fig. 1 in which the essen- 
tial features of the instrument are shown. Radiation 
from the Nichrome heater A passes through the absorp- 
tion tubes B, and thence to absorbing vessels C which 
are filled with the gas to be detected. A rotating 
shutter S allows light to pass intermittently, but simul- 
taneously, through the tubes B and a heating effect is 
produced in each of the two chambers C. These re- 
ceivers are partitioned off from one another by a thin 
metal diaphragm D, which, in combination with the 
closely adjacent insulated and perforated metal plate E, 
forms an electrical condenser. Any deformation of the 
thin diaphragm resulting from a pressure difference 
between the two receiving chambers causes a variation 
of capacitance. 

If no absorption occurs in the tubes B, and the system 
is otherwise symmetrical, the heating effect in the two 
receiving chambers will be the same and no pressure 
difference between them will arise; but if now the gas 
to be detected is introduced into one of the tubes B, 
the energy balance is upset since radiation is absorbed 
by the gas before it can reach C. Consequently a pres- 
sure difference between the two cells C is set up each 
time the shutter S allows radiation ta pass. The result- 
ing capacitance changes are amplified electronically and 
a final indication is obtained on the output meter. 

Any other gas also present in the sample will not 
affect the result unless it has absorption bands which 
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overlap those of the gas being determined. The length 
of absorption tube to be used depends on the gas being 
estimated and the concentration range to be covered. 
The energy absorbed by a column of gas / cm long and 
containing concentration c of absorbing component is 
approximately Elkc, where E is the incident energy and 
k is an absorption constant, provided that kcl is small 
compared with unity. Thus at low concentrations it is 
advantageous to use long absorption paths, and the 
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Fig. 1 Principle of infra- 
red gas-analyser 





relation between the energy absorbed and c is reason- 
ably linear. At higher concentrations the energy ab- 
sorbed is E(1—e**') and the relation between energy 
absorbed and c departs greatly from linearity beyond 
about 25% absorption. Consequently when the absorp- 
tion reaches this limit it is necessary to reduce the length 
of the absorption cell. 


Dispersive analysers 

This form of non-dispersive analyser is suitable for 
simple analyses such as carbon monoxide or dioxide in 
air, but with complex gas mixtures having overlapping 
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Fig. 2 
1—amplifier; 2—sensitivity fine control; 3—sensitivity stepped switch; 
4—detecting condenser; S—microswitch (calibration); 6—calibrating 
device; 7—balancing shutter; 8—comparison tube; 9—analysis tube; 
10—rotating shutter; 11—heating block; 12—reference generator; 
13—shutter motor; 14—gearbox; 15—fuses; 16—phasing control; 
17—adjustment for rotating shutter; 18—switch for shutter motor; 
19—carbon dioxide absorbing capsule; 20—sample inlets; 21—pre-set 
potentiometer (recorder signal); 22—test point; 23—pilot lamp 


absorption bands optical filtering methods are neces- 
sary. Some details of more elaborate analysers are given 
in a recent article (/). For the more difficult analytical 
problems an alternative to this type of analyser is a 
dispersive kind of instrument. In principle it is possible 
to use an infra-red spectrometer, although this is rather 
impractical since such instruments are expensive and 
intended primarily for laboratory use. However, greatly 
simplified spectrometers are becoming available and 
the clear-cut distinction between dispersive and non- 
dispersive analysers will surely disappear within a few 
years. 

Confining ourselves in this article to non-dispersive 
instrumehts, we need to consider two main varieties. 
The first is the direct-deflexion type in which the output 
current due to absorption of infra-red radiation by the 
gas to be determined is indicated, recorded or used 
for control purposes. The second type is the self- 
balancing analyser, in which the out-of-balance signal is 
used to control the movement of a compensating shutter 
in the reference path so that equality is maintained 
between the two beams. The position of the shutter 
accordingly serves to measure the absorption of radia- 
tion by sample gas, and this instrument has the advan- 
tage over the direct-deflexion type of long-term stability, 
since the indication is to a considerable extent inde- 
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pendent of changes in energy emitted by the infra-red 
source as well as variations in detector sensitivity and 
amplifier gain. 

Factors which contribute to efficient operation of the 
latest analysers are: (1) use of a single enclosed infra- 
red source instead of the pair of sources as previously, 
eliminating a serious cause of zero drift; (2) employ- 
ment of an entirely electronic form of synchronous 
rectification which greatly reduces sensitivity of the in- 
strument to vibration; (3) use of fluorite throughout as 
a rigid and highly transparent window material; and 
(4) elimination of changes in signal due to mains 
variation. 

Some idea of the construction of these instruments 
may be gained from Figs. 2 and 3. 


SAMPLING PROBLEMS 

One difficulty with the infra-red gas-analyser is that 
the sample must conform to certain standards of clean- 
liness if a satisfactory performance is to be maintained 
over long periods; the sample must also be sufficiently 
absorptive. Possible troubles and remedies are listed 
below. 


FAULT REMEDY 


Gas wet Use drier, e.g. activated alumina. Two 
units with built-in reactivators may be 
employed, with one unit in use while the 
other is being reactivated. Change-over 


can be made automatic. 


Gas dusty Use filters — sintered metal, ceramic, 
glass wool, etc. Wet scrubbing may be 


necessary in very difficult cases. 


Gas corrosive Use sample tube of suitable material or 
remove corrosive component by chemi- 


cal means if permissible. 


Gas carries volatile | Remove volatile material by condensa- 
material which tion, if permissible, and/or operate 
deposits in analysis sample tube at elevated temperature. 


tube 
Insufficient Compress sample gas. Sensitivity is ap- 
sensitivity. proximately proportional to pressure 


and, for example, at ten atmospheres 
full scale can be obtained for 10 p.p.m. 
__by volume of carbon dioxide in air. 


Some analysers are more vulnerable to dirty sample 
gas than others. The common type of instrument in 
which radiation is reflected down a highly polished tube 
is easily upset if dust or other material deposits on the 
walls of the tube. The null-balance instrument is affec- 
ted just as seriously as the direct-deflexion type, but 
an analyser employing radiation in a parallel beam does 
not suffer to the same extent, and provided that the 
windows remain clean no trouble will arise from tube 
contamination. 


Allowing for dirt 


Sometimes the inevitability of tube contamination is 
accepted, and an attempt is made to allow for it by 
introducing a standardizing procedure at regular inter- 
vals. The sample tube may be filled with non-absorbing 
gas, a fixed obscuration introduced into the sample 
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beam, and the sensitivity adjusted until a standard 
deflexion is obtained. An ingenious method of over- 
coming the difficulty has been described by Liston, 
Andreatch and Beebe (2). In this instrument (Fig. 4) 
the radiations pass through the receiving chambers of 
the first detector into the receivers of a second detector. 
The sample gas is supposed to contain a wanted com- 
ponent P and an interfering component E. The first 
detector is charged with P and the second with E, and 
the detectors are connected in opposition so that in each 
path absorption in the second detector tends to neu- 
tralize the effect of absorption in the first. Thus in the 
left-hand path sensitivity of detector D, to E can be 
made equal to the sensitivity of D, to E so that this gas 
is ignored, while detector D, is more sensitive to P than 
is detector D, so that P is satisfactorily determined. 

This particular instrument can be made largely in- 
dependent of dirty tubes and windows in the sample 
path by the simple expedient of adding a non-inter- 
fering absorbing gas to detector D,, e.g., carbon monox- 
ide. With non-absorbing gas in the analysis cell the 
energy absorbed in detector D, is made equal to the 
energy absorbed in D,, by addition of the appropriate 
quantity of carbon monoxide, so that any obscuration 
of the radiation by dirty windows or similar causes 
does not produce an output signal. The sensitivity will 
of course be reduced by a dirty analysis tube if the 
analyser is used as a direct-deflexion instrument, but 
this does not apply to the null-balance system. 


CONTROL WITH AN INFRA-RED GAS-ANALYSER 


In principle the problem of employing an infra-red 
gas-analyser in a control loop is much the same as for 
any other measuring instrument, such as a flow meter 
or temperature recorder, but of course the analyser is a 
more complex instrument and careful installation with 
adequate maintenance must be provided. 


The advantages of quality control are obvious. Where 
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a product must conform to a specification, the concen- 
tration of a possible contaminant may be determined 
continuously and control action taken automatically 
should the proportion rise unduly. This procedure is 
clearly an advance over less sophisticated methods, such 
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as for example elaborate temperature control of distil- 
lation processes. In many cases the most effective way 
of using infra-red control is in conjunction with a con- 
ventional system employing temperature, pressure and 
flow control, or any combination of these. Rough con- 
trol would be provided in the usual manner, fine con- 
trol then being applied by the infra-red controller. 

Control equipment may be operated pneumatically or 
electronically, or a combination of the two methods may 
be employed. Pneumatic control has reached a high 
level of development and has the advantages of ready 
operation of large control valves, easy maintenance, 
and freedom from flame-proofing difficulties. Electronic 
methods are still being developed and have the potential 
advantages of very precise control and extreme flexibi- 
lity. Now that an advanced self-balancing infra-red gas- 
analyser has been developed it is a comparatively simple 
matter to add a three-term electronic controller, and the 
additional maintenance required is slight. If desired, the 
final electrical signal can readily be converted to a pneu- 
matic output and the advantages of both systems rea- 
lized. 


The maximum d.c. output current from an electronic 
controller is usually in the range 5 to 15 mA and may 
be used in conjunction with a saturable reactor to pro- 
vide appreciable a.c. power for the operation of sole- 
noid valves, etc., or an electro-pneumatic power relay 
may be used to provide a 3-15 lb/in* air output to con- 
trol pneumatically operated valves. 


To be continued 


Fig. 3 
I1—hinged optical bench; 2—sample inlets; 3—reference voltage phase 
adjustment; 4—adjustment for rotating sector; S—servo amplifier; 
6—<cam and electrical output potentiometer; 7—electrical output zero 
adjustment; 8—+servo motor; 9—sensitivity adjustment; 10—balance 


adjustment; |l—zero offsetter; 12—actuating arm for null shutter; 
13—power unit; 14—test meter; 15—pre-amplifier with built-in test 
facilities 
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Full integration 


requires transfer of the master engine control 


from the pilot to the rotor 


of engine and _ helicopter 


The Napier Gazelle free turbine in the Westland 
Wessex lies at 35° to the horizontal 


The helicopter turbine a power servo 


by A. W. MORLEY, PH.D., M.SC., F.R.AE.S. 
Royal Naval College, Greenwich 


In Part 1, published last month, the principle of 
the power servo was explained and the helicopter 
rotor was considered as a power control. There 
followed a discussion of the power-off case, har- 
monic loads on the rotor, engine design, turbine 
temperature control, the time constant of the 
engine, difficulties with twin engines, simulator 
studies of load shedding, auto-operation with a 
failed engine, and engine control. 


Fuel metering system 


Fig. 4 shows the principle of the fuel control system 
of the Napier Gazelle free-turbine engine. Fig. 5 is a 
view showing the type of construction which the con- 
trol follows, and indicates some of the principal parts. 
The barostat and fuel pressure regulator which is at the 
back in Fig. 5 is shown in section in Fig. 6. It is suit- 
able for a single engine or a paired installation. 

Fuel comes from the tanks via the booster pump (Fig. 
4), through a filter with an icing detector and by-pass 
into the engine-driven fuel pump. The delivery of the 
fuel pump goes first to a pressure regulator for supply- 
ing the various servos in the system with constant-pres- 
sure fuel. The main flow passes on to the fuel-metering 
unit, where it is regulated according to the position of 
the engine throttle and compensated according to the 
air-intake pressure and temperature. 

After leaving the main fuel-metering unit, the flow is 
trimmed by the speed governor and then by the acceler- 
ation control unit. The speed governor is regulated 
according to the signal received from the speed-signal 
generator. The speed governor and the acceleration con- 
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trol unit feed back separately to the fuel-pump control 
servo. 

From the acceleration control unit the fuel passes 
through the dual dump valve to the engine. If the torque 
meter signals sudden loss of torque such as can occur 
if the output drive fails, a dump valve is automatically 
opened to drain. The torque meter is also connected 
to the engine fuel-pump servo to signal a fuel reduc- 


Fig. 4 Elements of hydro-mechanical control 
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tion in case of excessive torque. A third duty of the 
torque meter is to send a signal to the power override 
servo of the second engine if sudden loss of torque 
occurs. This causes the second engine to operate on 
emergency power. 

The emergency override is linked to the speed 
governor, maximum turbine-temperature control, and 
the torque meter, so that the settings of these three 
components are biased upwards in an emergency. The 
override servo is operated by a ‘ no-torque” signal re- 
ceived from the failed engine. 

The turbine over-temperature unit signals direct to 
the engine fuel-pump servo. The speed-signal generator 
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Fig. 5 Fuel-metering high-pressure shut-off cock and dump 
valve assembly 


Emergency h. p. cock 
and dump valve 


supplies the speed governor, and also provides a speed 
function for the compressor inlet-incidence control. 


Speed governing function 
A spring-loaded centrifugal governor can operate the 
pilot valve of a hydraulic servo. To minimize dynamic 
lags the pilot-valve is reset continuously by some form 
of feedback as the servo moves. By introducing suitable 
elasticity and viscosity into the feedback, and by mini- 
mizing inertia effects, the governor can be made rapid 
in its response without introducing serious instabiity. 
One application is seen in the engine governor used 
for the Westland Westminster helicopter. Here two 
Napier Eland fixed-turbine engines are connected 
through hydraulic clutches and gears to the one rotor 
drive. The governor arrangement (see Fig. 7) is an ex- 
tension of the Lucas over-speed governor used in many 
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Fig. 6 Metering pressure controller 


aero engines (2). The servo piston regulates the effective 
stroke of the fuel pump and moves so that the fuel 
supply is reduced if the delivery pressure Pp increases 
above requirements or the servo pressure Ps decreases. 
The latter pressure is maintained by a by-pass from the 
pump delivery through the small restrictor orifice A 
and is controlled by the leak through the half-ball valve 
B. A downward movement of the diaphragm C in- 
creases this leak and so reduces the servo pressure, 
which in turn reduces the fuel delivery to the engine. 
Acting on top of the diaphragm there is a force pro- 
portional to the centrifugal pressure P(n*), obtained 
from a speed-signal generator geared to engine speed. 
There is also a spring load on the diaphragm which 
may be varied manually according to the rotor speed 
required. An increase of the centrifugal pressure brought 
about by increased engine speed causes the half-ball 
valve to open, the servo pressure to fall and the pump 
stroke to decrease, thus correcting the increase in speed. 
The same effect is obtained if the diaphragm is loaded 
manually by the rotor-speed selection lever. This de- 
creases the centrifugal pressure at which the diaphragm 
is balanced, so that the speed at which the engine is 
governed decreases. 

The law of such a governor is smooth and approxi- 
mates to one of the ‘proportional-cum-integral’ type. 
The change in the fuel flow following a change in 
selected speed is partly proportional to instantaneous 
speed and partly to the time integral of the difference 


Fig. 7 Principle of governor for fixed-turbine engine 
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between instantaneous and selected speed. The time lag 
of the governor is reduced by reducing the first term, 
but there is more tendency towards over-swing and 
instability. As the result of long experience, it is pos- 
sible to choose design constants which make the 
governing sufficiently sensitive and virtually dead beat. 
It has not been usual to give the speed governor author- 
ity over the full engine range because starting-up and 
various failure cases require special procedures. It is 
more usual to give it ‘limited’ authority, i.e. over the 
normal operating range only. Thus in the Westminster 
the engine control is arranged so that a fixed position 
of the engine-throttle-lever schedules a definite fuel 
flow somewhat in excess of the proper engine demand 


Paired free tur- 

bines governed 

on gas generator 
speed 


Single free tur- 
bine governed 
on rotor speed 


Rotor 
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Fig. 8 Governing arrangement for a free-turbine engine 


for the speed selected. This flow is then trimmed by the 
speed governor according to the setting of the rotor- 
speed selection lever. Over the flight operating range 
the lever is interlinked with the engine throttle control. 
If the engine throttle is left in a fixed position the rotor 
continues to run at constant speed and the power flows 
from the engine according to rotor demands. A manual 
torque-balance trim is incorporated to enable the load 
to be shared equally between the two engines. 


Rotor-speed governing of the free-turbine engine 


From the manufacturing point of view the form of 
speed governing built into the engine should be suitable 
for single or paired installations without modification 
For this reason, although the speed governor is required 
on the rotor, it must be part of the engine, and it must 
be provided for on the output shaft of every engine, 
whether single or double, rotating clockwise or anti- 
clockwise. (See Fig. 8.) 

For the single free-turbine engine the rotor-speed 
governor would be coupled to the metering unit on the 
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gas generator, and the governor in this unit would be 
used for overspeed control only. In the case of paired 
free-turbine engines, the two output-shaft governors 
would signal to their respective metering units. The two 
gas generators would have individual top-speed limiters, 
and there would have to be a torque or speed balance 
across the two engines to ensure load sharing. 

One possibility would be to combine the governors 
and torque balance units. Fig. 9 shows two diaphragms 
controlling the fuel pump servo, one carrying the rotor- 
speed signal-pressure plus a load set by a spring accord- 
ing to the rotor speed required. The other diaphragm 
acts as a speed limiter on the gas generator. The torque 
balance is operated by differential torque meter pres- 
sure. Any unbalance operates the fuel-pump servo of 
the engine carrying the greater load, and so opposes 
any error in speed selection between the governors. 

An engine control specialist will see that the device 
in Fig. 9 does not satisfy requirements as it stands. 
For example, it does not follow that the torque balance 
unit would be capable of overriding the error due to 
disparity in the two governors, since this will depend 
on the characteristics (transfer functions) of the torque 
meters and governors. Also the torque balance unit is 
a shared part of a twin installation, whereas'each engine 
should embody a similar unit. It also needs its author- 
ity to be limited to avoid single-engine failure, other- 
wise loss of the torque from one engine would cause 
the catastrophe of enforced shutting-down of the other. 
It would also have to be isolated for starting-up and 
single-engine check tests. 

Another way of obtaining rotor speed regulation with 
the free-turbine engine is to make the engine virtually 
a fixed turbine by incorporating a centrifugal clutch, 
with a gear if necessary, between the free turbine and 
the gas generator. This would operate at all speeds 
above minimum cruising. The clutch would have the 
advantage that it would prevent run-away of the free 
turbine in some cases of drive failure. 


Rotor power control with several engines 


When a number of engines are connected to the same 
rotor drive, in the interest of better performance after 
single-engine failure, the chance of a control failure 
appears to be greater. This is because some of the prob- 
lems are more complicated and can only be met by 
additions to the system. 

As in the twin installation, it is necessary to provide 
means for equalizing the torques of the coupled en- 
gines, and the torque division must be accurate so that 
the full power of the helicopter can be brought to the 
nominal figure without any one engine becoming over- 
loaded. 

If many engines were geared to the rotor under rotor- 
speed control, no single engine would affect the load 
on the others, but since the number is not likely to 
exceed four, any change in the load on one will effect 
the loads on the others, and a sharing control is re- 
quired to ensure that under critical conditions unde- 
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sirable inequalities are minimized. For example, in a 
four-engined installation, if the power of one engine 
were to fall by 30% when the aircraft was hovering, the 
other engines should sense a 10% reduction and each 
operate to restore 10%. It is of course questionable 
whether an engine losing 30% in output should be per- 
mitted to remain running. With certain forms of mal- 
functioning it would be better to shut it right down, in 
which case the other three engines would be called upon 
each to restore 334% of normal hovering power. 

Since flight safety will depend on the controls work- 
ing correctly, it becomes important that all faults which 
could lead to serious malfunctioning can be sensed and 
isolated. For example, unwanted information from a 
failed engine must not affect the governing of the live 
engines. Thus a torque-balance control must not have 
the fault of the device shown in Fig. 9, which would 
cause it to shut down a live engine in striving to main- 
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Fig. 9 Suggested device for governing coupled free-turbine 
engines 


tain torque balance with a failed engine. Similarly a low 
torque signal may be used to shut down a failed engine, 
but only if the torque is low by reason of a failure, not 
through pilot’s selection. 

With multi-engined installations there will be more 
tendency to elaborate controls to ensure that no one 
fault can cause dangerous behaviour. 

The basic faults against which safeguards are re- 
quired are, incorrect speed and torque (or turbine tem- 
perature), and bad load-sharing. Over-power is a con- 
dition which may be taken care of by limiters. These 
limiters should have a characteristic which will avoid 
sudden tripping under a rapid transient, yet bring a 
faulty engine off-load as rapidly as possible. The detec- 
tion of under-power has also to incorporate a delay 
function which will make it insensitive to transients. 
Failures in the operation of the load-balance control 
will be detected by big differences in the torques or 
speeds of the individual engines and operation of the 
over-under power sensers, but it may be necessary to 
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provide further fault detectors which would isolate the 
faulty unit. 


Conclusion 


The full integration of the engine into the helicopter 
flight control system means taking the engine master 
control from the pilot and giving it to the rotor. The 
first requirement is a wide-authority governor on engine 
output speed which will maintain constant-speed opera- 
tion of the rotor from low power to maximum power, 
including emergency operation, irrespective of rotor 
pitch, altitude and forward speeds. This governor must 
be fully integrated into the fuel metering system. 

With the free-turbine engine any error in rotor-speed 
will be signalled to the engine control unit on the gas 
generator. The rotor-speed governor may need to be 
anticipatory, in order to provide a warning signal in 
time to the gas generator. The acceleration of the gas 
generator will be very rapid, and the governing system 
must ensure that transients of speed and temperature 
are held within bounds. 

With the fixed-turbine engine a special governor for 
rotor speed is not required, since the engine-speed regu- 
lator is already available. The governor should have a 
range of operation over which rotor speed is kept con- 
stant by pilot selection. 

Having provided for a rotor speed governor on the 
engine output shaft, the system must be examined with 
regard to the following: — 

1. suitability of the governor as the controller of power 
flow to the rotor in normal and emergency conditions; 
2. compatibility of paired or multi-engines, including— 

(a) independent starting, 

(b) bringing on load individually and together, 

(c) proper action under emergency load, 

(d) proper sharing of the load despite dissimilar 

characteristics between individual engines and their 

respective control systems; 
3. autorotation and power-off landing. 

A satisfactory scheme will be obtained when these 
requirements are met, according to the needs of the 
particular helicopter, with the minimum of complica- 
tion in the engine control unit. 

If development should bring too much control com- 
plication it will tend to stop multi-engine applications. 
An alternative trend would be to make the individual 
engine less dependent on accurate governing for safe 
operation. This would almost certainly dictate bigger 
power margins between maximum and normal and 
thus lose some of the advantage of the multi-engines. 
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Excellently organized, the International Congress 
and Exhibition of Laboratory Measurement and 


Automation Techniques in Chemistry was held in 


Basle last month. Here is a first-hand report 


Ilmac 


THE INTERNATIONAL CONGRESS AND EXHIBITION OF 


Laboratory Measurement and Automation Tech- 
niques in Chemistry (‘Ilmac’) was held at Basle from 
November 10th to 15th, 1959. The Congress, the first 
of its kind ever held in Switzerland, was organized by 
the Association of Swiss Chemists, the Swiss Federa- 
tion of Automatic Control, and the Swiss Industries 
Fair. 

The organization of the Congress was excellent and 
the layout of the Exhibition spacious, so that the 
exhibits could be studied in comfort. A pleasing fea- 
ture was the fact that the staff at the stands were 
technically competent, and in general able to answer 


searching questions about their exhibits. 


EXHIBITION 


Two hundred and sixty-four firms from eleven coun- 
tries had stands at the Exhibition, and fourteen thou- 
sand prospective customers from all parts of Europe 
attended it. There were only ten British exhibits, but a 
number of British firms were represented by Swiss 
agents. The British instrument industry would do well to 
note the massive German effort—about 30% of all the 
exhibitors. 

The review which follows is necessarily selective, deal- 
ing with those aspects of measurement and control in 
the chemical industry which are relatively new. 


GAS CHROMATOGRAPHY 

This technique, suggested in Britain by Martin and 
Synge, has revolutionized chemical analysis, and at the 
present time it is probably the most important analytical 
method used in the chemical industry. As more and 
more chromatographs are installed in chemical plants, 
it is increasingly evident that gas chromatography is a 
powerztul tool for process control in the chemical in- 
dustry. This is reflected in the fact that more than half 
of the firms demonstrating gas chromatography equip- 
ment had plant instruments as well as laboratory models. 


Carlo Erba, Milan 


This firm, which has been working in thé gas chro- 
matography field for about five years, presented well- 
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Fig. 1 The laboratory gas chromatograph from Carlo Erba 
was developed in an astonishingly short time 


engineered laboratory and plant instruments. Their lab- 
oratory instrument (Fig. 1) is extremely versatile, and 
has a range of accessories that enables the specialist in 
gas chromatography to carry out almost any desired 
operation. The column may be operated at any tem- 
perature from zero to 200°C. There is provision for 
fraction collection, preparative work, column switching 
without disturbing temperature conditions, and a digital 
Output integrator is available. A novel feature in this 
model is the micropipette with a mercury piston for the 
precision injection of small samples of liquid. 

An externally mounted high-temperature accessory is 
available for work with column temperatures up to 
400°C. Instead of detecting the separated gases in 
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the usual way, the separated components are oxidized 
in a heated microanalysis reactor, and the combustion 
products are passed through the katharometer after the 
elimination of water in a trap. The chromatogram is 
similar to the conventional trace, but the peak area is 
now proportional to the number of carbon atoms 





































Fig. 2 Carlo Erba’s process control gas chromatograph 


present. The detection sensitivity for molecules of 10 to 
12 carbon atoms is 200 times greater than for a system 
in which there is no combustion of molecules, provided 
that helium is used as a carrier gas. The increase in 
sensitivity is thirty times if nitrogen is used as the 
carrier gas. Some operators of chromatographs might 
consider the consequent destruction of the separated 
components a disadvantage, but this technique does get 
over the major problems that arise when complex 
organic molecules are passed through a katharometer at 
high temperature. 

The process control gas chromatograph (Fractomatic 
model 110) is mounted in a cast aluminium housing 
suitable for use in hazardous atmospheres. The auto- 
matic gas sampling valve consists of minute pneumatic- 
ally operated diaphragm valves. The sampling device 
contains no sliding surfaces and is stated to be com- 
pletely leakproof. The programme controller, which 
may be mounted up to 600 ft from the analyser, con- 
verts the signal from the katharometer so that it can be 
presented in the usual bar graph form. A pneumatic 
control unit is being developed that will store the in- 
formation from the bar graph pneumatically. Readings 
of any of four components recorded on the bar graph 
can then be used to control pneumatic valves in the 
conventional way. The instrument is shown in Fig. 2. 


W. Ness, Ziirich 


A laboratory-type chromatograph was displayed. 
Two independent columns are employed to facilitate 
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experimental work where it is required to change the 
column conditions frequently. The columns are flat glass 
spirals mounted in two cast-aluminium thermostatically- 
controlled housings. It is stated that the columns are 
readily packed by blowing the column material down 
the tubes pneumatically. 


Siemens-Halske, Erlingen 

This was the only German firm showing German- 
designed equipment, despite the large numbers of Ger- 
man firms present. The Siemens equipment is of all- 
glass construction except for the katharometer, and sadly 
conventional in conception. 


Société pour la Diffusion d’Appareils de Mesure et de 
Controle, Lyon 
The Ugine gas chromatograph is neatly engineered, 
with provision for external switching of columns, collec- 
tion of fractions, and an operating temperature range of 
50° to 250°C. The carrier gas used is hydrogen. 


Pye, Cambridge 

Pye demonstrated their well-known argon gas chro- 
matograph and the katharometer instrument. They were 
the only British firm demonstrating in this field. 


Perkin Elmer, Ziirich 

Laboratory and plant gas-chromatography equipment 
were shown by this firm. Photographs of the Golay 
capillary column system were on display, although this 
equipment is not yet commercially available. The dis- 
covery of capillary columns by M. J. E. Golay of Perkin 
Elmer is one of the most exciting of recent develop- 
ments in gas chromatography. Golay found that if the 
inner wall of a capillary is covered with a thin film of 
the stationary phase, a long length of such capillary 
behaves like a normal chromatographic column with the 
exception that the separation process is much faster, 
and in fact it is now possible to have sample repetition 
times of the order of seconds. The volume of a typical 
column might be 160 mm*. Consequently, much smaller 
samples have to be used which makes the problem of 
detection more difficult. Flame ionization techniques are, 
however, satisfactory, and it is understood that this 
method of detection will be used by Perkin Elmer. It 
is evident that for most practical purposes gas chroma- 
tography has become a continuous operation. Sample 
repetition times have already become so rapid that, at 
a recent demonstration by R. P. W. Scott in London, a 
gas-chromatograph trace was displayed on a cathode 
ray tube. This new development is still in its infancy, 
and many problems remain, but there is no doubt that 
capillary column techniques will have very useful appli- 
cations in the control of chemical processes. 


SPECTROSCOPY 
Metrohm, Herisau 
A new development in the field of spectroscopy is the 
spectropolarimeter exhibited by Metrohm. This Swiss in- 
strument is the first of its type produced commercially in 
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Europe. Spectropolarimetry is a technique that has 
hitherto been confined to a few university research 
laboratories. Most of the equipment used has been 
adapted from commercial spectrometers, or built by the 
research worker. The problem in spectropolarimetry is 
to scan a solution of defined concentration with a beam 
of polarized monochromatic radiation, and to record the 
rotation of the polarized radiation caused by the sample 
at each wavelength. 

In recent years spectropolarimetry has been used in 
the determination of the structure of complex organic 
molecules, and for the elucidation of problems in stereo- 
chemistry. The technique can also be used for the 
analysis of multi-component mixtures. When spectro- 
polarimetry is used as an analytic technique, minute 
amounts of material can be determined because the 
rotary power reaches high values in the intermediate 
ultra-violet. 

The Metrohm instrument consists of a prism mono- 
chromator, a self-balancing polarimeter and a recorder. 
A xenon lamp is used as a light source and is modu- 
lated by a disk at 600 c/s. The modulated light is then 
passed through the prism monochromator. Light from 
the exit slit passes through a self-balancing polarimeter 
which uses a photomultiplier as an error-sensing ele- 
ment. The position of the balancing analyser is trans- 
mitted electrically to a repeater-recorder with a 250 mm 
chart width. The paper drive of the recorder is mechan- 
ically coupled to the wavelength drive of the mono- 
chromator. The range of wavelengths covered is 2600 
to 7000 A.U. The instrument is a prototype and it is 
expected that production models will be available in 
about one year’s time. 


Trub, Tauber, Ziirich 


Trub, Tauber of Ziirich demonstrated the first high- 
resolution nuclear magnetic resonance instrument built 
in Switzerland. The equipment uses a permanent magnet 
for producing the magnetic field, and the sample is 
rotated at speeds up to 10,000 rev/min by an air tur- 
bine. The resolving power is one part in 10°. 


POLAROGRAPHY 
Metrohm, Herisau 

Metrohm showed a simple device which in effect 
speeds up the recording of polarograms by six times. 
The speed of mercury drop formation is increased 
mechanically so that drops are formed at rates of four to 
ten drops a second. In addition to speeding up the 
recording time, the increased drop speed results in a 
much smaller oscillation of the recording pen without 
the use of additional damping. 


PHYSICOCHEMICAL GAS ANALYSIS 
Wosthoff, Bochum 
ES. Wosthoff of Bochum showed a physicochemical 
gas analyser in which the component to be estimated in 
the gas is selectively absorbed, and the component is 
measured by the change in electrical conductivity of the 
solution before and after absorption. In the calibration 
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of such equipment the problem arises of making accu- 
rate gas mixtures. This firm has designed a simple gas 
pump which will mix two gas streams in a given ratio 
to an accuracy of 0°1%. Five different concentrations of 
gas can be obtained by changing the gear ratio of the 
pumps. 


MOISTURE DETERMINATION 

Sina, Ziirich 

Sina of Ziirich demonstrated their equi-hygroscope 
which measures the equilibrium moisture of materials 
and the relative humidity. Response time is less than 
60 sec and the equipment can be manipulated by un- 
skilled operators. It can also be used for the measure- 
ment of moisture in paper, linen, and granular solids. 
In this instrument a small measuring chamber is placed 
over the sample, and the atmosphere in the chamber is 
allowed to come to equilibrium with it. The resistance 
of a hygroscopic element, which forms an arm of a 
Wheatstone bridge, changes, and a simple servo-system 
rebalances the bridge. Motion of the balancing resistor 
is indicated on a dial calibrated in relative humidity. 
The temperature of the sample can be read immediately 
after making the humidity determination by turning a 
switch, and reading the temperature on an additional 
scale on the dial. 


AUTOTITRATION AND CHEMICAL ANALYSERS 
Technicon, U.S.A. 

A number of autotitrators were on show, but all were 
batch-type instruments suitable for laboratory measure- 
ment. The only truly continuous chemical analyser 
demonstrated was that of Technicon. 

The Technicon instrument continuously measures and 
compares on a recorder the level of concentration of a 

























Fig. 3 The Technicon was the only truly continuous chemi- 
cal analyser on display 


given component in the solution being tested, with a 
known concentration of that component in a standard 
solution. 

Once the required experiment has been set up, the 
samples to be analysed are picked up, pumped along 
by a continuous proportioning pump, and mixed with a 
flowing stream of diluent. The diluted sample then 
moves through a dialyser where its diffusible constitu- 
ents are separated and fed into a flowing reagent stream. 
Detection of the required component is accomplished in 
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various ways. The method demonstrated in fact used a 
colorimeter. The system has been used for difficult bio- 
logical analyses, e.g., blood glucose, penicillin and strep- 
tomycin in reagent broths etc., but it can be adapted 
for most chemical determinations in aqueous media. 


RECORDERS 
Staub, Richtersville 

A design of circular-chart recorder that might be said 
to be typically Swiss is the Elmes 12 recorder made 
by Staub and Co. This recorder is 3} in. square and 
2:7 in. deep, and is claimed, with some justification, to 
be the smallest circular-chart recorder in the world. It 
is no larger than a conventional indicating meter and 
nine of these instruments can be packed into a 12 in. 
square. The chart diameter is 3-2 in. and the effective 
recording radius is about 1:2 in. A very clean record is 
obtained although no pen or ink is used. The record is 
made on a special type of paper by a pressure dotting 
pin, the pressure on the paper producing a red mark. 
The dotting frequency is once every 6 sec. The meas- 
uring element is a shock-proof and vibration-proof 
moving-coil or moving-iron system. The accuracy is 
+2°5% f.s.d. Three chart speeds are available, one 
revolution per day, week or month, and the desired 
speed can be selected by a sliding knob on the rear of 
the instrument. When used as a current recorder the 
sensitivity range is from 10 »A f.s. to 600 A (using an 
external shunt). 

An alternative arrangement in which the chart revo- 
lution times are 1 h, 7h or 30h is also available. This 
is a neatly designed instrument and there must be many 
applications where the accuracy of this little recorder is 
quite adequate. 


Sina, Ziirich 

A number of new potentiometer recorders were 
shown. Sina of Ziirich showed a full-size recorder with a 
sensitivity of 1 mV f.s. and | sec for f.s.d. Rather sur- 
prisingly this firm charges the same price for single- 
point as for multipoint recorders up to eight points. 
Philips, Ziirich 

Philips of Ziirich showed a miniature potentiometer 
recorder with a minimum span of SmV, accuracy 
+0°5%, and a balancing time of <1 sec f.s.d. The re- 


corder is fully transistorized and requires a panel space 
of 144 X 144 mm. 


CONTROL SYSTEMS 

Honeywell, Ziirich 

Honeywell of Ziirich displayed for the first time the 
ElectriK Tel-O-Set system for electrical process control. 
This system uses no line power connexions in the field- 
mounted devices, and there are only two wires between 
the devices and the control room. These two carry a 
maximum d.c. signal of 42V 20mA, and carry the 
measurement or control signal as well as the system 
power. The standard signal range used in the Tel-O-Set 
is 4 to 20 mA d.c. corresponding to the usual pneumatic 
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signal of 3 to 15 1lb/in*. The system, therefore, has a 
live zero which has the advantage claimed for it, that 
it is a simple matter to distinguish between power fail- 
ure and a zero signal. A range of suitable transducers 
makes the system completely compatible with existing 
pneumatic instruments. The system uses transistors 
throughout, the power transistors being manufactured 
by a Honeywell division. 

The same basic idea is present in all the various 
transmitters, receivers, and final control elements. This 
is the use of a force balance system with feedback 
applied to improve the dynamic response. The system is 
outlined in Fig. 4. 

The input force is applied to a pivoted beam. This 
changes the air-gap in a detector consisting of two pieces 
of ferrite, one of which is mounted on the pivoted beam 
and the other fixed to the chassis. The change in the 
air-gap changes the inductance in an oscillator circuit, 
which modulates the current in the circuit between 4 
and 20 mA. A portion of the output current is fed back 
to a magnet unit producing on the beam a force equal 
and opposite to the input force. This re-balances the 
beam and limits its motion to about 1/1000in. The 
field-mounted transmitters and transducers differ only 
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Fig. 4 The principle of Honeywell’s electric process control 
system 


in the way in which the input force is applied to the 
beam, e.g. by bellows, bourdon tube, displacement link- 
age, or magnet unit. 

In the receivers the 4 to 20 mA signal current moves 
the beam by a magnet unit. The oscillator output drives 
a torque motor, deflecting a pointer that indicates the 
value of the measured variable, and restores the beam 
to balance through a calibrated feedback spring. A vol- 
tage-current transmitter handles direct current inputs 
from thermocouples, resistance thermometers, and pro- 
cess stream analysers, and is available in standard spans 
of 2:5 to 100 mV. 

The electrical controllers in the Tel-O-Set provide the 
usual term or three-term control action. 


ANALOGUE COMPUTERS 
Gittinger, Niederteufen 
One Swiss firm, Giittinger, makes specialized ana- 
logue computers for process control problems. One of 
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these computers is used in a German factory making 
steel tubes. 

Giittinger also demonstrated an analogue computer, 
the Statistic, for the rapid calculation of the mean de- 
viation and standard deviation of data fed into the 
machine. The data must first be divided into ten classes 
and the values for each class are inserted in the Statistic 
by push-button. Values for the standard deviation and 
the mean deviation are then read on a meter. 


CONGRESS 


Nearly one thousand two hundred members registered 
for the Congress, coming from all the countries of 
Europe, as well as the U.S.A. and the U.S.S.R. The 
first two days of the Congress were devoted to lectures 
on laboratory and measurement techniques used in the 
chemical industry. The last three days covered a wider 
field and dealt with automation in engineering, in the 
chemical and food industries, with the uses of data pro- 
cessing, and with the economics of automation. 


Laboratory and measurement techniques 

Problems of high frequency titration techniques were 
discussed by Professor Cruse. Milner of Harwell gave 
a clear survey of recent advances in polarography 
and explained the advantages of a.c. polarographs over 
the older established d.c. polarographs. Bates of the 
National Bureau of Standards discussed the attempts to 
define an irrational pH scale pointing out that the 
established experimental procedures for electrometric 
pH determinations are inconsistent with the fundamen- 
tal definition of pH. 

Professor Mecke of Freiburg surveyed the newer tech- 
niques of infra-red spectroscopy, with particular refer- 
ence to the problem of measuring the absolute intensity 
of infra-red absorption bands. He also discussed the use 
of polarized infra-red radiation in the determination of 
the structure of crystalline materials. 

Dr. N. Sheppard of Cambridge discussed the appli- 
cation of nuclear magnetic resonance to problems in 
organic and inorganic chemistry. He emphasized the 
fact that n.m.r. is a new physical method of consider- 
able power for the qualitative determination of mole- 
cular structure, and can be used for the identification 
of the type and arrangements of functional groups in a 
molecule. The groups which can be detected in this way 
must contain elements with magnetic nuclei, e.g. hydro- 
gen, fluorine, phosphorus, boron, etc. Oxygen and car- 
bon do not give rise to spectra, and nitrogen spectra 
are usually weak, so that in organic chemistry the main 
emphasis has been on hydrogen resonances. In the hy- 
drocarbon field it is usually possible to distinguish the 
different kinds of CH bonds. In particular, methyl 
groups are easily distinguished. 

Dr. Hausser of the Max Planck Institute, Heidelberg, 
dealt with the chemical applications of electron spin 
resonance. This technique is a sensitive method for 
detecting paramagnetic substances, e.g. free radicals 
and paramagnetic metal complexes. 
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The uses of gas chromatography in the organic chem- 
istry laboratory were discussed by Dr. Simon of the 
Technischen Hochschule, Ziirich. 

D. Mapper of Harwell gave a most interesting account 
of the uses of neutron activation analysis which is one 
of the most sensitive trace analysis techniques yet de- 
veloped. It was learnt that the very low impurity levels 
required in silicon for transistors can only be achieved 
by control by neutron activation techniques. 


Automatic control 

K. Bechtinger of Polymetron gave a paper on the 
problems peculiar to the automatic control of chemical 
process by pH value and redox potential. Among the 
problems are distance-velocity lags in the control sys- 
tem, the non-linear relationship between the measured 
pH of the process stream and the rate of addition of 
the control fluid. Consequently, it is much easier to 
control pH in batch systems than in continuous flow 
systems. 


Economic aspects 

R. Khoblauch, of Honeywell Brown, Philadelphia, 
discussed economics and automation in the American 
chemical industry. He gave statistics to show that 
despite the fact that the total population of the U.S.A. 
is increasing, the number of men in the prime working 
force (i.e. those who actually produce the goods), would 
decrease in the next ten years. To maintain a rising 
standard of living, more goods would have to be pro- 
duced by fewer people. One solution to this probblem 
is an increase in automation. 

In the chemical industry, the trend is towards greater 
use of process stream analysers to control the quality 
of the product. This trend will increase and more pro- 
cess control analysers will be used in closed-loop appli- 
cations. At the present time in the U.S.A. for every 
100 to 200 process stream analysers used, only 12 were 
used in closed-loop control. He forecast that in the 
future the number of computers used for process con- 
trol would increase, although not at the same rate as 
process analysers. It is estimated that at the present 
time the production of a plant had to be worth at least 
$3,500,000 per annum to justify the cost of a computer. 


Data processing 

The extensive use of quite sophisticated data hand- 
ling systems in Swiss banks was described in a paper 
by E. Burgermeister, Director of the Schweizerische 
Kreditanstalt, Ziirich. 

Dr. W. Kaeslin of IBM, Ziirich, discussed the uses 
of data handling equipment in production planning. His 
lecture was illustrated by references to the IBM fac- 
tories. The computer stores information about the size 
of the order book, the delivery time of components, 
and evaluates the optimum stock level required in any 
given situation. When the stock falls below this level a 
signal is sent to the ordering department who take the 
decision to order. 








ELECTRICAL TRANSDUCERS—9 


Having introduced radiation sources and 
detectors in Part A, the author now describes 


some practical applications in industry 


Nuclear radiation and X-rays 


by T. P. FLANAGAN, M.SC., A.INST.P., A.M.I.E.E. 


British Scientific Instrument Research Association 


Last month, in Part A of this article, we described 
the kinds and sources of radiation, and also the 
various detectors that are employed. We went on to 
consider the measurement of physical parameters 
with such instruments, beginning with the gauging 
and control of thickness. 


Fig. 6 shows a transmission system using a beta 
source to control the thickness of leathercloth, with an 
ionization chamber as detector. The method is a refine- 
ment of the basic system and uses two channels. One 
is the measuring channel, and the other is an identical 
standardizing channel which uses a standard absorber 
as a control reference for the measuring channel. The 
d.c. signals from each channel are backed off against 
one another and the control system operates on a devia- 
tion from balance. 

For measurement of large thicknesses of heavy 
materials such as steel, gamma radiation is often used. 
Cobalt-60 is a typical source, which may be used to 
measure thicknesses up to about two inches of steel. 
Gamma backscatter gauges are also used to measure 
thickness when only one side of the material is access- 
ible. Putman et al. (3) have described an elegant 
method which measures back-scattered gamma photons, 
but only those which have been scattered through 180°. 
The energy of such photons is accurately calculable from 
Compton scattering theory*; for example, the 180°- 
scattered radiation from Cobalt-60 1-17 MeV and 1°33 
MeV gammas have photon energies of -209 MeV and 
*The Compton effect is an increase in the wavelength of X-rays or 
gamma rays scattered by electrons in, e.g., carbon atoms, Photons 
are deflected by collision with electrons. The energy lost by the 


photon, properly calculated, corresponds to the observed reduction 
in frequency and increase in wavelength. 
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Fig. 6 Two Ekco heads, one on each side of the fabric, 

measure the thickness of p.v.c.-coated material at I.C.I. 

Leathercloth Division’s works. The machine is a three-bowl 
calender 


‘214 MeV. By means of a scintillation counter and a 
pulse-height analyser only those pulses are counted which 
correspond to these lower energies. This simplifies the 
problem of screening the detector from direct source 
radiation, but at the expense of complication in the 
electronic circuitry. 

Alpha particles have been used to measure thicknesses 
in the region of 1 mg/cm?*. One such gauge measures 
the variation in the range of the particle in air after 
passing through the material (4). The decrease in range 
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is then related to the mass per unit area of the material. 

A somewhat ill-defined gap has existed between 
gauges which use high-energy betas and those using the 
low-energy gammas. This is because of the scarcity of 
long-lived high-specific-activity* gamma-emitters in the 
region of 100 keV energy. Thulium-170 has been used, 
but its short half-life and low yield of gammas and 
X-rays does not make it attractive. X-ray machines can 
be used, but they suffer from the drawback of high cost 
and maintenance problems. The gap now appears to 
have been closed by the introduction of the Bremsstrah- 
lung gauge, which uses the X-radiation from a target 
bombarded with high-energy beta particles from a source 
with a long half-life. Strontium-90-yttrium-90 is used 
almost exclusively. Fig 7 shows a typical arrangement. 
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; Strip material 
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Fig. 7 Measuring 4/4 Bremsstrahlung 
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Equipment of this type has been installed to measure 
the thickness of steel strip in a rolling mill. Fig. 8 shows 
such an installation. 


Beta 
radiation 


Density measurement 

This is closely allied to thickness measurement, using 
the same principle of absorption, measuring variation 
of absorption when the path length of the material is 
defined; for example, liquid in a pipe (5). For pipe 
measurements, path length of absorber is usually con- 
siderable and .includes the pipe walls as a constant fac- 
tor. Hence gamma radiation is used, caesium-137 or 
cobalt-60 being typical sources. Such a system is also 
obviously useful for detecting the interface between 
different liquids in a pipeline, providing they differ suf- 
ficiently in density. 


Level detection and control 

The absorption of radiation has been applied with suc- 
cess to the detection and control of liquid level in various 
situations (6). Fig. 9a shows the principle used. A is a 
gamma-radiation source the external radiation from 
which is confined by collimation to a narrow beam 
directed horizontally across the tank at the desired level. 
When no material is interposed between source and de- 
tector the signal (pulse count rate or d.c.) in the detector 
provides an electrical output which actuates the level- 
controlling mechanism. When the level rises so that the 
liquid just comes between source and detector, the 
radiation is partially absorbed, the decrease in signal 
acting to prevent any further increase in level. The out- 
put of the level detector can usually be arranged to 
indicate the level over a narrow range about the mean. 


*The specific activity of a radio-active substance is the rate of dis- 
integration per unit quantity. 
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Fig. 8a Open-loop control on the gauge of rolled strip. Lights 
and a meter on the cabinet (right) indicate variations to 
the operator (left). The loop can be closed for automatic 
control, but the equipment is not shown in the picture 


Over a wide range, however, it would probably be bet- 
ter to use a movable source and detector which is driven 
by a motor actuated by the detector output. In this way 
the position of the source-detector carriage would indi- 
cate the level. 

Backscattering of gamma radiation may also be used 
for level detection. In this case the source and detector 
are mounted close to each other at the same level on 
the outside of the vessel, with suitable screening to 
prevent direct radiation from source to detector. Some 
of the radiation is scattered back from the vessel wall 
into the detector. When the liquid in the tank rises to 
the height of the source and detector, the backscattered 
radiation increases owing to the scattering from the 
liquid. This change in signal is used to operate the level 
control system. 

The advantages of radiation level-controllers are that 
the level-detection system is completely external, so that 
the transducer is not subjected to the environmental 
condition prevailing inside the vessel. In some applica- 


Fig. 8b A~closer view of the source and the manual control 
unit 































tions, such as the level-control of highly corrosive liquids 
or molten glass, such considerations are very important. 


Moisture measurement 


The slowing down of fast neutrons by hydrogen has 
been used to determine moisture in solids, particularly 
in large bulk materials (7). The principle is illustrated 
in Fig. 10. Fast neutrons from the source enter the sur- 
face of the material. The fraction which is thermalized 
in a reasonably short distance is proportional to the 
amount of hydrogen present. Some of these thermal 
neutrons diffuse back through the surface and are de- 
tected by the BF, proportional counter at A. Over a 
range frem *2 mg/cm* to | gm/cm* the count rate from 
the BF, counter is linearly related to moisture content, 
and the instrument is capable of detecting changes of 
‘005 gm/cm*. 


Flow measurement 


The simplest example is the measurement of the time 
interval between injecting radio-active solution into the 
stream and the subsequent detection of activity at a 
known distance downstream. Water flow has been mea- 
sured in this way by using sodium-24 in the form of 
sodium chloride solution. Turbulent flow is necessary 
to ensure that spreading of the volume of radio-active 
solution is not too great to smear out the burst of 
activity measured by the detector. Alternatively a dilu- 
tion method can be used. Radio-active tracer solution of 
known activity per unit volume is injected at an accur- 
ately known rate into the flow. Samples of the liquid 
are taken downstream and the activity per unit volume 


tracer activity 


is measured. The quantity - X injection 


sample activity 
rate is the flow rate of the stream. This method is use- 
ful for the periodic measurement of flow in large flow 
systems (8). 

A slight variant of the time difference method has 
been used to measure the catalyst flow rate in a cir- 
culating catalyst system (9). A few beads of catalyst 
containing zirconium-95 are introduced into the circu- 
lating system. Detectors at the top and bottom of the 
system indicate on a common recorder when the beads 
pass near. The recorder thus measures the time differ- 
ence and hence the flow rate. Although the readings are 
not continuous, the method has been used satisfactorily 
to control the catalyst flow rate. 


INDUSTRIAL INSPECTION 

Radiography 

The internal inspection of optically opaque objects 
by X-radiography has been standard practice for many 
years. In fact, for certain classes of equipment where 
casting or welding flaws may be hazardous or costly, 
Official inspecting bodies and insurance underwriters have 
long insisted on X-ray inspection. The principle of 
radiography is that of differential absorption of the 
radiation by paths of different mean density. The den- 
sity of blackening of a photographic plate placed behind 
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Fig. 9a Control of 

liquid level using a 

gamma source and 
detector 


source 


_ ; 

the test object is proportional to the intensity of radia- 
tion penetrating to the point under consideration, and 
the subsequently developed film yields valuable infor- 
mation on the existence of flaws in the material. The 
title illustration is a reproduction of a photograph taken 
from a radiograph. It shows filling holes and internal 
cracks in a cast wheel. 

An important requirement of the radiation source is 
that it must approximate to a point, or the ‘ shadows’ 
cast by flaws will not be sufficiently sharp for detection. 
It is usual to require that the source-film distance is 
more than a hundred times the source diameter, and 
greater than about five times the maximum object 
thickness, in order to resolve flaws the dimensions of 
which are not greater than 2% of the object thickness. 

Up to the immediate post-war period, radiography 
was carried out by X-ray machines with the occasional 
use of radium gamma radiation. A wide range of radio- 
active fission products and pile-produced isotopes is 
now available for industrial use, and the suitability of 
some of these as gamma emitters has stimulated a big 
expansion in gamma radiography (/0). The attraction 
of gamma radiography lies in its low cost relative to 
conventional X-ray equipment, particularly for high 
energies, and the possibility of applying radiography to 
parts which would otherwise be impossible to inspect 
by generators. For example, a source may be placed 
inside a small-bore pipe to check a circumferential weld 
completely in one exposure; this is done by surrounding 
the pipe with the photographic film. One of the dis- 


Fig. 9b Installation for control of molten glass level in a 
feeder for bottle manufacture 
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advantages is that it is not possible to approach the 
intensity levels attainable with X-ray generators in the 
source sizes dictated by image resolution. This means 
that longer exposures are necessary. Also, with an X- 
ray generator the photon energy can readily be chosen 
by adjusting the generator voltage. With gamma radio- 
graphy the user is limited to a range of radioactive iso- 
topes which have sufficiently long half-lives and which 
possess the desired energy characteristics. 
Table 2 lists the properties of four sources which are 
widely used in industry. 
TABLE 2 
APPROX. STEEL 


ISOTOPE HALF-LIFE PHOTON ENERGY THICKNESS 
(MeV) PENETRATED 
Cobalt-60 5-25 y 1:17 + 1-33 2-8 in. 
Caesium-137 30y -667 3-4 in. 
Tridium-192 714-4d ‘610 —24 in. 
Thulium-170 127d 084 Light alloys 
and 
non metals 


It can be seen that a gap exists in the energy region 
of a few hundred keV. It may well be that beta emit- 
ters such as strontium-90, mixed in pellet form with a 
suitable target, will form Bremsstrahlung sources which 
might help to fill the gap. In the high-energy region, 
cobalt-60 and caesium-137 (also sodium-24, 1-4 and 
2°8 MeV, for special applications where its short half- 
life of 15 hours does not weigh too heavily against its 
use) are doing work which could otherwise be done 
only by enormously expensive million-volt X-ray gen- 
erators. Fig. 11 shows a typical technique of gamma 
radiography. 


Leakage detection 

An important test of newly laid water mains is that 
for leakage. Radio-active isotopes have been used suc- 
cessfully as an alternative to other systems (8). There 
are various methods which may be used; a common one 
for short runs of pipeline is to close all exits to the 
pipeline section, and to fill the section with water con- 
taining sodium-24 in the form of a soluble salt. Sodium- 
24 has the advantage of high-energy gamma radiation 
(1-4 and 2°8 MeV) with a reasonably short half-life (15 


BF, thermal neutron 
detector 


Fast neutron 
source 
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Fast neutrons entering material 


Fig. 10 Neutron-scattering method of measuring moisture 
content 


hours) so that subsequent contamination quickly decays. 
The section is kept under pressure for a short time to 
allow some of the radio-active water to get away through 
leakage points, and then the section is flushed with 
normal water. An inspection of the ground with a 
gamma detector near the pipeline quickly identifies the 
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Fig. 11 A Co-60 source 
of gamma rays is here 
being used to inspect 
a circumferential weld 
in four-inch steel plate 






























point where radioactive water has leaked to the sur- 
rounding subsoil. A method suitable for pipe runs of 
some miles in length has been devised by Jefferson and 
Cameron (//). A fixed quantity of radio-active liquid is 
fed into the pipeline input, followed by the normal non- 
radio-active fluid. At any leakage point encountered 
along the run some of the radio-active liquid will be 
retained by the leakage path. A sealed Geiger counter 
and wire recorder in a suitable container are then sent 
along the pipe about half-mile behind the sample of 
radio-active liquid. As this floating probe comes to a 
leakage point it records the increased counting rate from 
the Geiger counter. Marker sources of cobalt-60 are 
placed at fixed intervals along the pipeline, giving regu- 
lar peaks on the recorder, so that the position of a leak- 
age point can be interpolated fairly accurately from the 
subsequent analysis of the recorder. 


Package monitors 

A simplified form of level detector is used in quality 
control of filled packages. A collimated radiation source 
and detector are placed on opposite sides of a conveyor 
belt carrying the packages. The narrow beam is arranged 
to penetrate the package at the required filled level. 
If a package is not filled to this level the detector input 
increases and the package can automatically be removed 
from the conveyor belt. The stability requirements of 
the detector and its electronic apparatus are not great 
since they have only to detect a large change in radia- 
tion intensity. 


ANALYSIS 


X-ray fluorescence spectroscopy 

This method of analysis (/2) uses the principle of 
the excitation of characteristic X-rays by irradiating the 
sample with primary X-rays derived from an X-ray 
tube with a suitable target anode. The method is applic- 
able to the quantitative determination of the concen- 
tration of a number of elements in a sample (by a 
scanning technique) or a continuous measurement of the 
concentration of a single element, this latter being of 
particular value in process control measurement. 

Fig. 12 shows the principle of such a spectrometer. 
The primary X-rays from the tube fall on to the sample, 
which emits fluorescent characteristic X-rays. A fixed 
collimator selects some of these and passes them to a 
crystal of suitable characteristics for the wavelengths 
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under investigation. At particular angles of incidence of 
the X-rays upon the crystal the rays are selectively re- 
flected, the particular angle being a measure of the 
wavelength and hence an identifier of the element, 
while the intensity of the reflected X-rays is a quantita- 
tive measure of the amount of element present. The 
rays reflected from the crystal spectrometer are detected 
by a suitable detector (Geiger, proportional counter or 
scintillation counter) the output counting rate of which is 
a measure of intensity. For a scanning system such as is 
used when measuring large numbers of elements, the 
detector has to move through twice the angle of the 
crystal, and this involves intricate mechanical design. 

The accuracy of such a system is dependent upon its 
stability, which depends very much upon the stability 
of the e.h.t. voltage and current. To avoid the compli- 
cation and cost of highly stabilized supplies, it is pos- 
sible to use a standard sample in a double-channel sys- 
tem, one channel acting as a standardizing system. 
Variations in the counting rate in the standard channel, 
which can only be caused by instabilicies of the system, 
are used to vary the counting time in the measuring 


channel, giving automatic compensation for drifts in 
the system. 


Neutron activation analysis 

This has proved to be a very powerful method of ana- 
lysing trace impurities in highly pure materials (/3). 
The material is irradiated in the thermal-neutron flux 


Turning crystal 
spectrometer 






Flvorescent 


X-rays 


Fig. 12 Principle of X-ray fluorescent spectrometer 


from a reactor. Atoms of the impurity (as well as the 
parent material) are converted to a beta- or gamma- 
emitting isotope by neutron capture. Measurement of 
the activity, half-life and energy of the subsequent radio- 
active material allows both qualitative and quantitative 
analysis of the impurity. Usually the impurity is chemi- 
cally separated after activation to remove it from the 
parent material, which has probably also been activated. 
An example is the measurement of arsenic and copper 
impurities in silicon. By neutron activation the arsenic 
is converted to the radioactive isotope As-76, which 
emits gamma radiation of about 27 hours’ half-life with 
an energy of ‘57 MeV. The sample is dissolved, and an 
accurately known quantity of arsenic is added as a 
carrier of the radioactive trace. The arsenic is then 
chemically separated, and the measured activity allows 
the determination of the original arsenic impurity. These 
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methods have made it possible to detect, in silicon, 
arsenic and copper impurities of one part in 10°°. 


The argon v.p.c. detector 

Vapour-phase chromotography is a system of ana- 
lysing the constituents of a liquid (usually organic) by 
vaporizing a small sample, mixing it with a carrying 
gas and passing it through a * chromatographic ’ column. 
This is packed with special materials which delay 
organic constituents by differing times owing to varia- 
tions in adsorption coefficient between vapours. The 
time relationship of the emerging vapours permit 
identification, and the amount of vapour is a measure 
of the concentration in the original liquid. There are 
many forms of transducer which measure the vapour 
concentration, and a method based on beta ionization 
has been described by Lovelock (/4). It is based on the 
fact that the rare gases argon, neon, etc., when exposed 
to ionizing radiations, contain an appreciable fraction of 
atoms which are ionized, and also a large number which 
are raised to an excited state but are not ionized. In 
many gases this excited state has a very short life, but in 
the case of the rare gases argon, helium, etc., the ex- 
cited state has a long mean life, the so-called metastable 
state. If such excited atoms collide with other atoms 
or molecules, the ionization potential of which is lower 
than the excitation potential of the excited atom, energy 
is transferred and the molecule promptly becomes ion- 
ized. The ionization potentials of most organic vapours 
are lower than the excitation potential of argon gas, 
which has therefore been used as the carrier in a 
chromatographic column. The gas and vapour emerging 
from the column enter an ionization chamber which is 
measuring the ionization due to a beta source (Sr-90 
foil). The steady level of ionization current represents 
pure argon. When a trace of organic vapour enters with 
the argon, the ionization current rises to a peak deter- 
mined by the concentration. It is claimed that this de- 
vice can detect as little as 2 X 10°'* moles of most 
organic substances. 
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EVER having met a bio-en- 
N gineer, I was particularly 
keen at the recent Sima 
Convention to hear what was said 
by H. S. Wolff, a researcher at the 
Medical Research Council’s Bio- 
engineering Laboratories. I thought 
that he made an excellent case for 
more attention by the instrument 
industry to the medical man’s re- 
quirements. However, as Pritchard 
of Cambridge Instruments pointed 
out from the Chair, medical gear 
accounts for only about 0:3% of 
the total output of the instrument 
industry. 
Wolff made the interesting sug- 
gestion that one’s individual micro- 
climate might be varied by personal 


so is well known; the question is, 
why? 


when more than one interesting 

event falls on the same date 
and I am forced to choose between 
them. But when near relatives like 
the Brit..R.E. and the Radio 
Industry Council make clashing 
arrangements, I begin to feel that 
the fates cannot bear the whole of 
the responsibility for my disappoint- 
ment. 

On 18th November the Radio 
Engineers held a six-paper sym- 
posium on electronic digitizing 
techniques. The final discussion of 
all the papers was scheduled to be- 


|’ makes me feel frustrated 





air-conditioning. Apparently, semi- 
conductor couples powered by an 
arrangement of solar cells, could 
be fitted to a suit, and the Peltier 
effect employed to cool the inside. 
The greater the amount of solar 
radiation falling on the solar cells, 
the higher would be the input to 
the junctions and the greater the 
Peltier cooling. The wearer of such 
a suit would have to stand in the 
shade if he felt too cold. I believe 
that American Westinghouse have 
received a contract from the U‘S. 
Navy for bell-bottomed clothing of 
this kind, but they are rejecting 
solar power in favour of a more 
conventional battery. 

Dr. Haigh, Director of the 
C.E.G.B.’s Berkeley Nuclear Lab- 
oratories, was another specially in- 
teresting speaker at the Sima Con- 
vention. Discussing ‘ isotopology,” 
he remarked that ten years ago the 
real money was thought to be in 
industrial control. That this is not 
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gin at about quarter past seven in 
the evening, but at seven o'clock 
the Radio Industry Council joined 
forces with the Electronic Engineer- 
ing Association for their annual 
dinner at the Dorchester. A bit 
awkward for people like me, who 
wanted to enjoy both! (The two 
events are reported in News round- 
up elsewhere in this issue.) 


HEN I invite friends to 
my home I do not, while 
holding open the door, de- 


cline responsibility for any injury 
that they may suffer under my roof. 
(Let me here hasten to explain that 
I do not regard myself as unusually 
virtuous in this.) Yet apparently not 
all hosts will accept so lightly the 
hazards of hospitality. 

Some weeks ago I was invited 
to join a Press visit to the works of 
a very big firm. On arriving with 
the rest of the party I was aston- 
ished when we were asked to sign 









papers that bound us not to hold 
the company responsible for any 
mishap during the visit! This be- 
haviour would perhaps have seemed 
less odd if it had come after a re- 
quest to be shown round the place, 
but with invited guests is struck a 
jarring note. The hospitality was in 
all other respects excellent, so I sus- 
pect that somebody at a fairly low 
administrative level made the mis- 
take of working too closely to the 
book. 

[ am told that these scraps of 
paper do not in any case affect 
one’s right at Common Law. But 
if that is so, why bother with them? 
Perhaps they are just another essay 
in popular psychology, and are de- 
signed to make the careless lay visi- 
tor less likely to dive into danger. 


ployee of one of our bigger 

electrical empires, I was struck 
by his remark that he felt no loyalty 
to the company as a whole because 
it was all too large. The loyalty 
that he did feel (and this he claimed 
to be quite strong) was toward those 
who ran the department in which 
he served. 

I wonder whether he has a real 
point here? The sheer size of an 
organization can, it is true, make 
its lowest members feel so tiny that 
they become apathetic, but surely 
good management can put this 
right. Patriotism has been known to 
flourish in nations as well as in 
small tribes. 


ELATIVISTS have enjoyed 
R a brief spell of superiority to 

old-fashioned Newtonians, 
but progress accelerates logarithmic- 
ally and yesterday's newcomers will 
not be enjoying their supremacy for 
long. I read in The Times that a 
Russian professor has evolved a 
new theory according to which time 
is a source of energy, producing 
power in the same way as flowing 
water. The professor has calculated 
that a certain new property of time, 
which he calls its ‘course’, is 
approximately seven hundred kilo- 
metres a second. This, as reported 
in The Times, is the professor's 
computation of the rate at which 
cause becomes effect. The ‘ course’ 
of time, to make the point abso- 
lutely clear, ‘has the properties of 
speed of revolution ’. 

This new theory comes from one 
who is stated to be a specialist on 
the moon. That body has long en- 
joyed credit for its striking effect 
on the mind. After reading this 
account I feel quite moon-struck 
myself. 


GF osee ot to a junior em- 












Fourteenth I.S.A. Conference 


A taste of some of the papers read this year in 
Chicago, and a quick glance at a few of the exhibits 


THE FOURTEENTH ANNUAL ‘ INSTRUMENT-AUTOMATION ° 
conference* of the Instrument Society of America was 
held this year in Chicago. The scope of the meeting 
was very wide, and we cannot do more here than select 
for mention a few of those papers that are likely to be 
more interesting to CONTROL readers. 

Over 30%, of the papers read to the conference dealt 
with process data handling and computer control. Some 
speakers suggested that data handling was important 
in its own right, and would be a lasting feature in the 
control landscape. Others held that it represented only 
a stage of transition on the road to complete computer 
control. 

European instrumentation was analysed for the con- 
ference by Professor C. J. D. M. Verhagen of Delft 
University. He told his predominantly American audi- 
ence that complex automation is not so attractive on 
the Continent as it is in the United States. This he 
ascribed to relatively low wages, short runs of product, 
consumers’ dislike of standardized goods, and the rela- 
tively high cost of special devices. According to 
Verhagen there is a tendency for the European user to 
make his own instruments, even to the extent of com- 
puters. However, a mass market is in the offing in the 
six-country union, said Professor Verhagen, so auto- 
mated mass-production would be stimulated in the 
future. 


Taking advantage of non-linearity 

Dr. Gibson (Purdue University) saw the newer and 
more exciting applications of non-linear control theory 
in the possibility of using non-linearities deliberately 
to synthesize a system better than its linear counter- 
part (/). He illustrated this by discussing three cases; 
an on-off relay, a ‘dual-mode’ (combined on-off and 
continuous) servo, and an adaptive or self-optimizing 
control. 


Linear analysis 

Bellman’s method of handling variational problems 
can form the ‘basis of a procedure for synthesizing a 
class of optimum controllers. Such a procedure was in- 
troduced by Lee (Minneapolis-Honeywell Regulator 
Co.) in a paper (2) in which he restricted himself to 
terminal control systems. He pointed out, however, that 
following and other systems could equally well be con- 
sidered, and indicated a simple transformation that 
would convert one type of problem into another. 

The Laplace transform is nowadays the standard 
mathematical device for analysing linear systems. But 


*Held in the Chicago International Amphitheatre, 20-25 September, 1959 
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although this is so, said Professor Balise (Washington 
University), the real meaning of the transform is often 
not understood. In a review of some mathematical 
aspects of the transform (3) he attempted to bridge the 
gap between the engineer (with his preference for a 
physical model), and the rigour-loving mathematician. 
He began by introducing the Laplace transform as an 
extension of the Fourier integral, and approached the 
inversion integral in an unusual but, he suggested, 
more revealing way. His emphasis was on physical in- 
terpretation in order to clarify the theory for engineers. 


Analogue computation of transfer functions 


Transient or frequency response tests are sometimes 
impractical or uneconomic, and Dr. Milsum (National 
Research Council of Canada) described an analogue- 
computer technique for finding up to four unknown 
constants in a transfer function of surmised form (4). 
Accuracy within 1% or better can apparently be ob- 
tained in a few minutes. Either the transient or the 
frequency response can of course be derived from the 
transfer function when it has been determined. 


Reactors chemical and nuclear 


Instrumentation now in use to investigate the dyna- 
mic response of chemical reactors was described in a 
paper (5) by Pauls, Olt, Romano and Stanton (Mon- 
santo Chemical Co.). Two laboratory models are being 
studied, both of plants for single-phase liquid reactions. 
The interesting variables are temperature, flow, and 
composition, and the strictest requirements in the in- 
strumentation relate to drift, sensitivity, accuracy, fre- 
quency response, and noise. Mechanical oscillators 
generate 0-0001 to I c/s for frequency-response testing. 

According to Hall and Bilbao (Atomics Interna- 
tional), the application of systems engineering tech- 
niques to the automation of an experimental sodium- 
cooled nuclear reactor resulted in a design employing 
a maximum of conventional steam-plant equipment (6). 
The authors described the control system as one de- 
signed to integrate automatically the operations of the 
reactor, heat-transfer system, and electric generators. 
The plant is compatible with area load frequency con- 
trol in modern interconnected distribution systems. The 
paper included a comparison of the responses of 
nuclear and fossil-fuelled stations to load changes. 


Control gives quality to pulp 

Some of the problems of producing Kraft pulp were 
described by Trevebaugh (Kamyr, Inc.). According to 
this speaker, the system required was one of the few 
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where controls made the difference between average 
and high quality (7). To reduce costs and make the 
product more nearly uniform, the manufacturer had to 
make his plant as nearly automatic as possible. All the 
critical controls were mounted on a panel from which 
a single operator could run the entire system. 


Hydraulics for fast control 


Three hydraulic control systems for rolling mills 
were described by Blain (Institut de Recherches de la 
Sidérurgie, France). Because of the inertia of the 
motor and drive, regulating systems acting on the 
screw-down are slow in producing results. Therefore, 
the author argued, to obtain a rapid response it seems 
desirable to use hydraulic devices (8). He illustrated his 
case by showing how hydraulic servos had been used 
to govern the distance between the rolls in a hot-strip 
reversing mill, a 33-in. blooming mill, and a four-high 
cold-strip mill. These applications had shown that 
hydraulic devices could be used without any practical 
difficulties, and he was convinced that much improve- 
ment was still possible. 

Another champion of the hydraulic servo was Mar- 
shall (Vickers Inc.), who emphasized that accuracy is 
determined by the ability of the driving members to 
accelerate and produce sufficient torque rapidly enough 
to correct errors. In his paper (9) he showed some of 
the characteristics of hydraulic drives and indicated a 
few of the design techniques that might be used in 
applying them. Hydraulic components, he pointed out, 
are inherently capable of high torque and force ‘ per 
package size,’ and should therefore be chosen where 
precise control is required. 


Pneumatics are not dead yet ... 


Recent developments of pneumatic actuators were 
reported by Holben (Conoflow Corp.). In his talk (0) 
he referred to efforts by actuator manufacturers to im- 
prove the methods of producing restoring forces. Re- 
versing relays, four-way valves, amplifiers and boosters, 
he declared, had greatly advanced the art. The all- 
pneumatic servo offered potentialities—still not exploi- 
ted —for the dependable provision of accuracy, higher 
power, and increased speed. As design engineers became 
more familiar with servo theory and its application to 
pneumatic controllers, higher performance would be 
achieved. No longer was the final control element 
necessarily the slowest in the process. 


... but the thermal-electric actuator has been born 


Schweitzer (The Swartwout Co.) asserted that the 
overall increase in electronic instrumentation had un- 
questionably brought about a greater need for an en- 
tirely different electric valve-actuator. His answer (//) 
was the ‘ thermo-drive” actuator*, in which a liquid is 
kept boiling by an electrical resistance heater. A con- 
denser controls the pressure of the vapour, and thus the 
movement of a spring-loaded diaphragm. Flow in the 


*See CONTROL for October, page 91 
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condenser is regulated by an electrically operated valve 
to which the output signal of the controller is fed. The 
continuous flow of heat into the device, and the con- 
tinuously regulated outflow of heat, provide a sensitive 
system that can give a good response, and in his rather 
lyrical conclusion Schweitzer foresaw an increasing num- 
ber of applications of electronic process control with 
the aid of ‘this little warm stainless steel ribbon that 
makes large controllable forces out of little bubbles.” 


Looking after viscosity 

Although our wives have an intuitive feeling for vis- 
cosity in the kitchen, said Minard (Brookfield En- 
gineering Laboratories Inc.), it has been only recently 
that continuous measurement of this dimension has 
been employed in analysis. His ‘competitive fires hav- 
ing been banked temporarily’, the speaker reviewed 
three different proprietary types of viscometer (/2). He 
went on to illustrate the importance of viscometry in 
the manufacture of Portland cement and glass. 

Also interested in the viscosity of glass were Straight 
and Huffman (Hagan Chemicals & Controls and Pitts- 
burgh Plate Glass Co.). Difficult problems cannot nec- 
essarily be solved by writing rigid specifications, they 
said, and co-operation between process and control en- 
gineers is a better method; there are often points that 
cannot be seen by either alone, but that show up 
readily when both work together. The authors went on 
to describe a process control system that had been de- 
veloped collaboratively in this way (/3). Continuous-fibre 
glass yarn is made by drawing strands from molten 
glass flowing through holes in an electrically heated 
platinum bush. The viscosity changes very rapidly with 
temperature, and the length per unit weight of yarn 
changes about 1%/°F. An integrated system of elec- 
tronic and magnetic components is used in the con- 
troller described, and the process characteristics are 
found to be such that proportional plus rate control, 
with a very little reset, is required. The reported per- 
formance is 0°2uV/°F temperature transient, 10s for 
15°F transient response, and +4 to +4°F steady-state 
accuracy. 


Varying speed 

Despins (Reliance Electric & Engineering Co.) told 
the conference of a * new final control element’, a pneu- 
matic variable-speed drive, and went on to say that in 
recent years it had found a steadily increasing number 
of applications in process control (/4). The element con- 
sists of an electro-mechanical variable-speed drive that 
can be coupled to pumps, blowers and conveyors. The 
belt transmission includes sheaves of adjustable pitch 
diameter, and these are controlled by pneumatic servo. 
A typical drive operates from a signal of 3 to 15 lb/in? 
and produces an output speed directly proportional to 
the signal. The authors claimed that the frequency re- 
sponse of the element was suitable for open- and closed- 
loop control where less than 60 h.p. and a speed range 
less than 10: 1 were required. 
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Ward Leonard drives with magnetic amplifier exci- 
tation are rugged and easily maintained, said Traweek 
(The Louis Allis Co.), but they need a relatively large 
power for control and are limited in some desirable 
functions (/5). He argued that, while the disadvantages 
could be overcome by using more stages of magnetic 
amplifiers to increase gain, this was not economic, and 
that to combine the ruggedness of magnetic amplifier 
control with the flexibility of electronic control a com- 
plete line of d.c. Ward Leonard drives with transistor- 
ized generator field control had been developed. The 
transistor control was used as a pre-amplifier for a 
magnetic amplifier that excited the field. 


Controlling and measuring flow 


Some of the major problems of flow metering were 
defined in a paper by Stoll (Taylor Inst. Cos.). He 
pointed out that 70% or more of industrial process in- 
strumentation is concerned with flow measurement (/6). 

Isobe and Hattori (Tokyo University and Hokushin 
Electric Works) proposed a pulsating gas flow-meter, 
which they claimed had been developed into a practi- 
cal instrument for flow control (/7). 

The application of turbine flow-meters to cryogenic 
liquid measurements was discussed by Professor Grey 
(Princeton University) in a paper in which he paid par- 
ticular attention to questions of accuracy and sources 
of error (/8). He gave simple criteria for the elimina- 
tion of cavitation and compressibility deviations, and 
calculated the theoretical calibration error due to meter 
contraction at low temperatures. He also showed that 
his rough predictions of viscosity effects were substan- 
tiated by preliminary experimental data. 

Design studies had produced butterfly valves for 
control under severe service conditions, said Bestmann 
(Fisher Governor Co.), and such valves should no lon- 
ger be overlooked. ‘They had the advantages of low 
first and maintenance costs, and were adaptable for 
most control applications (/9). 

The fundamental aspects of force balance and 
motion balance in the design and application of elec- 
tronic flow transmitters were discussed by Dr. Kron- 
mueller (Siemens & Halske A.G., Germany). In his 
paper (20) he dealt with errors due to temperature and 
overload, provision for range-changing, and so on. He 
concluded that force-balance transmitters are prefer- 
able for small static pressures and ranges, but that for 
higher pressures and ranges there are advantages to 
motion balance. 

The current problem, as seen by Kogen (G.P.E. Con- 
trols, Inc.), was to build flow transmitting equipment 
that would allow maximum use of computers (2/). The 
addition of the computer to automatic control systems 
had added an entire new range of problems to flow 
measurement. Some of the more important factors to 
be considered when flow signals were fed directly to a 
computer were: 1. ease of entry to the computer; 2. 
noise in the transmission signal; 3. accuracy of meas- 
urement; 4. dynamic response; 5. range of measure- 








ment; 6. the possibility of linear flow signals. 
An all-electric gas-flow computer was discussed by 
Levis (Minneapolis-Honeywell Regulator Co.). This 
consisted basically of a differential pressure trans- 
mitter, an absolute pressure transducer, an analogue 
computing circuit, and a potentiometric receiver, and 
it measured automatically and continuously the mass 
flow of the gas. The speaker claimed that the system 
could be a useful tool in many industries for such 
operations as accounting, dispatch, and control (22). 


The Exhibition 

The conference was run in conjunction with an exhi- 
bition, of which it is unfortunately impossible to give 
anything like a full account here. 

Among the more interesting products was a new 
General Electric flow meter. A fixed turbine is driven by 
the stream, and the torque is proportional to the mass 
flow. The torque is integrated and transferred by gyro 
precession to a cyclometer, and this registers the total 
mass that has passed. 

For continuous stream analysis, there was a photo- 
metric instrument by Shell. This relies on radiation with 
alternately different wavelength following the same 
optical path. Concentrations between one and ten parts 
per million can be handled. 

An automatic viscosity controller was shown by the 
Norcross Corporation. A freely falling liquid is timed 
in its descent through a tubular orifice. A throttling 
valve is operated by the electrical output, and adds sol- 
vent to correct the viscosity of the process liquid. 
‘High’ and ‘low’ alarms can be provided. 

The Hagan analogue-computer control system was 
shown. This consists of input transducers, an analogue 
control computer with patchboard and operational mag- 
netic amplifiers, a remote control station. and final 
controlling elements. 

A shaft position encoder was demonstrated by the 
Telechrome Manufacturing Corporation. This stores as 
well as converts signals from analogue to digital form. 
The encoding rate is 20,000 per second, with a read-out 
time of -05 second. 
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Fig. 1 A section through an instrument 
working on thermal conductivity 





THE MEASUREMENT OF THE PROPORTION 
of oxygen in a mixture of gases dates 


from the eighteenth century when 
Lavoisier conducted his famous ex- 
periments on air. This work established 
his as one of the fathers of modern 
chemistry, and was the starting point 
for present techniques in the control 
of combustion and other oxidization 
processes. 

The process of combustion of fuels 
in air is still, after three centuries, in- 
completely understood. Improved 
chemical process and furnace opera- 
tion has been developed based on mea- 
surement of some of the many vari- 
ables in the processes, and among these 
partial chemical analysis of the gase- 
ous products of combustion has been 
for long a familiar yard-stick. These 
observations or measurements have 
been, and still are made, for example, 
on small samples of the flue gas with 
apparatus such as that of Orsat, or on 
instruments which automatically ingest 
and then analyse such samples, indi- 
cating the results on a strip-chart re- 
cord. 


Scope of the survey 

This survey is solely concerned with 
instruments which can measure the 
oxygen content in a continuous flow of 
gas and these have, in general only 
become available in commercial form 
since 1945. Instruments for the con- 
tinuous quantitative analysis of car- 
bon dioxide content have been in use 
much longer, but this measurement, 
although helpful to the control of 
a furnace, is not of such fundamental 
importance as that of oxygen. This 
is discussed in reference (/). 

The reasons for the delay in the 
development of continuous-flow oxy- 
gen analysers can be seen in the prac- 
tical difficulties of measuring the pro- 
perties of oxygen. The most pro- 


CONTROL December 


1959 


Output terminal ™ 


Bridge supply ¢ 
terminal 


fother terminal hidden by cap 


Measuring cells and 
filaments t 
cells directly behind) 


eference 


Outlet union 


OXYGEN ANALYSERS 


CONTROL 14 SURVEY 






by G. M. E. WILLIAMS, B.Sc., A.M.1.E.E. 


Head of Department of Production Technology 


and Control Engineering 
Northampton College of Advanced Technology 


nounced property is a remarkable ease 
of chemical combination with other 
elements or compounds, but this has 
not been greatly exploited in any 
British instrument for continuous flaw 
usage, and resort has been made to 
more obscure parameters such as ther- 
mal conductivity and paramagnetism. 
Despite the practical problems, para- 
magnetism appears to be favoured, and 
considerable ingenuity and expertise 
have been brought to bear in the de- 
velopment of commercial analysers of 
this type. Nevertheless, a number of 
attempts in the last fifteen years to 
introduce oxygen analysers by firms 
in this country have quietly faded from 
view, and this only underlines the dif- 
ficulties encountered in this field of 
development. 

The instruments now to be briefly 
described have all been established in 
their current or similar form for some 
years, and the claim may be made 
that tried serviceable instruments are 
available for the analysis of oxygen 
content in continuously flowing gases. 


Thermal conductivity 

Fig. 1 illustrates the principle of the 
analyser of the Cambridge Instrument 
Co. Ltd., which relies on the thermal 
conductivity of oxygen differing from 
that of other gases. The measuring 
cells shown are four in number and 
each contains a platinum wire resist- 
ance with identical electrical and ther- 
mal characteristics enclosed in the 
solid metal katharometer block. Each 
wire is connected as a separate arm of 
a simple Wheatstone bridge in which, 
initially, constant bridge current is 
maintained with each cell open to the 
same gas. Each wire will eventually 
assume the same temperature and re- 
sistance. 

If two of the cells are now discon- 
nected from the common gas and a 


mixture of others with different ther- 
mal conductivity is substituted, the two 
cells will attain a new thermal equili- 
brium. This will unbalance the Wheat- 
stone bridge so that a galvanometer 
connected across it would indicate 
the flow of an electric current. The 
magnitude of this current when the 
bridge is unbalanced can be calibra- 
ted in terms specific of the composi- 
tion of the gaseous mixture expressed 
as percentage. 


4 Gas out 
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courtesy George Kent Lid. 
Fig. 2 The principle of an analyser de- 
pending upon the paramagnetic proper- 
ties of oxygen 

Whilst a qualitative description can 
be as brief as that just given, many 
approximations are necessary to 
achieve even a simple theory, and 
although this is of some help in in- 
creasing the understanding of the 
method it is not sound enough for 
quantitative use. In the practical case 
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the bridge output expressed as a volt- 
age is usually proportional to small 
differences between the inverse conduc- 
tivities of gases in the two pairs of 
cells, but this does not hold as the dif- 
ferences increase. The output voltage 
is also dependent upon the value of the 
bridge current raised to a power 
approaching three so that this current 
must be kept substantially constant, 
although it does not affect the instru- 
ment zero which is fixed by the pro- 
perties of the reference gas. 

Suitable precautions are taken in 
the manufacture and design of the in- 
strument to protect mechanically and 
chemically the cell wires by a fine 
glass coating, and to obtain rapid re- 
sponse from each wire by making its 
dimensions and those of the surround- 
ing cell volume small. The cells are 
in a massive metal block to give uni- 
form thermal conditions to each and 
mechanical protection. The cell walls 
can be protected against corrosion. 

This instrument can be used for dif 
ferential measurements with the gas 
tor comparison being passed through 
the pair of cells otherwise sealed with 
the reference gas. Its simplicity and 
robustness are attractive but it is not 
an absolute method of measuring oxy- 
gen content. In known conditions the 
very empiricism on which it depends 
can be of help as the scale can be 
arbitrarily marked to take account of 
side effects of the process under obser- 
vation unrelated to the thermal con- 
ductivity of the gaseous mixture. 


Paramagnetic instruments 


Instruments based on the paramag- 
netism of oxygen have been under 
active development in this country in 
two main forms (2): one physically of 
some elegance, and favoured by 
George Kent Ltd. and Cambridge 
Instrument Co. Ltd., which has no 
moving parts in the measuring ele- 
ments; and the other depending on 
the deflexion of a torsion-suspended 
element in a non-uniform magnetic 
field established in the gas to be ana- 
lysed. 

Munday (3) and his team have 
worked in the Distillers Co. Ltd. for 
over ten years on an improved form 
of the suspended-element instrument, 
for which manufacturing and commer- 
cial rights have now been granted to 
Servomex Controls Ltd. Work cited in 
Munday’s paper has also been un- 
dertaken abroad by Pauling and others 
in the U.S.A., and by Luft. 

The Kent instrument is shown in 
Fig. 2. It consists of a tubular annu- 
lus with a diametral bridge and it 
is in the latter that the analysis is 
made. Gas flows through the instru- 
ment as shown by the arrows, and 
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some is deflected into the tubular 
bridge by the intense magnetic field 
provided at one end of it, and acting 
in a direction along a diameter of the 
bridge. The diverted gas is heated by 
two adjacent identical platinum wire 
windings about the bridge, and the 
magnetic susceptibility of the ogygen 
content of the flow falls while fresh 
cool gas continues to enter the bridge 
and the warmed gas is forced towards 
the other arm of the annulus and so 
passes out of the bridge. The two 
platinum windings thus are caused to 
adopt different temperatures and the 
consequent disparity of electrical re- 
sistance upsets the balance of a Wheat- 
stone net circuit of which the wind- 
ings are adjacent elements. The poten- 
tial difference which now appears 
across the detector of the bridge is 
measured by a self-balancing potentio- 
meter of which the output is calibrated 
directly as percentage oxygen content 
of the gas being analysed. 


Munday’s instrument 

Fig. 3 shows the measuring element 
of the instrument developed by Mun- 
day. The moving part is of fused silica 
of the shape of a dumb-bell. Havens 
(4) put forward this shape nearly 
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Fig. 3 Another analyser working on the 
paramagnetic principle 


thirty years ago in his work on ori- 
ginal measurements of the magnetic 
susceptibilities of gases. The dumb- 
bell is suspended in an intense non- 
uniform magnetic field by a filament 
which is put in torsion by the partial 
pressure of the oxygen content of the 
gas in the measuring cell in the mag- 
netic field: the occurrence of the par- 
tial pressure under these conditions is 
the Quinke effect. Munday’s improve- 
ment on earlier designs was to add the 
conducting coil shown in the figure 
wound about the dumb-bell and to 
provide a current in it of which the 
magnetic effect gave rise to a contrary 
torque to return the dumb-bell to the 
undisturbed position. In practice the 
current is obtained from a balanced 
d.c. amplifier and controlled in mag- 
nitude and sense by an input from a 
tight source, optical system and pair 
of photocells which detect the posi- 
tion of rotation of the dumb-bell sus- 
pension. The instrument is conse- 
quently of null-balance type, and as 
the current feedback also damps the 






moving system it is of a much more 
robust construction than Havens and 
other workers were able to evolve. 
Changing the gain of the d.c. ampli- 
fier by a control switch permits several 
ranges of scale to be selected on the 
one instrument. The instrument is sen- 
sitive, has small error, and, whilst 
among the most expensive offered, has 
applications not open to some other 
designs (for example, in marine boiler 
operation, in conditions of vibration 
and in portable form), because it is 
comparatively unaffected by the precise 
level in which it rests while in use. 


Chemical combination 


Two instruments based on the chem- 
ical combination of oxygen with other 
elements serve specialized but impor- 
tant fields in metal furnace processes 
and vacuum products manufacture, 
and in the measurement of very low 
concentrations of oxygen for research 
and testing in nuclear energy applica- 
tions. Both instruments are made by 
Engelhard Industries Ltd., that for the 
tormer purposes utilizing the measure- 
ment of the rise of temperature of the 
gas stream through the instrument re- 
sulting from the exothermic reaction 
of oxygen with hydrogen. The instru- 
ment for the determination of very 
low concentrations of oxygen uses a 
galvanic cell in which the gas through 
adsorption by one electrode goes into 
solution in the electrolyte as hydroxyl 
ions. The resulting electric current is 
proportional to the oxygen concentra- 
tion in the sample gas with a linear 
relation for the lowest levels of con- 
centration. Both instruments employ 
a self-contained electrolyser, in the first 
case to provide the hydrogen required 
for the reaction and in the second to 
produce an accurately measured quan- 
tity of oxygen for calibration by sub- 
stitution. 


Obtaining samples 

No mention has so far been made 
of a major practical problem com- 
mon. to all gas stream analyser appli- 
cations which is found in the methods 
of obtaining the sample of gas for 
analysis. A good treatment of this sub- 
ject will be found in reference (5). The 
value of the best chosen instrument 
for oxygen analysis in any particular 
situation rests much upon the care 
given to obtaining the samples for it 
to measure. 
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| CONTROL IN ACTION 


Programme-controlled capstan lathe 


Punched-card control gives greater efficiency 


A SIMPLE FORM OF PRE-PROGRAMMED 
punched-card control is being used 
with some success on Alfred Herbert's 
No. 2D capstan lathe. This machine, 
which is one of the smaller Herbert 
capstan lathes, is capable of working 
on bar up to 1-5 in. in diameter or for 
chuck work up to 9in. swing. There 
are eight reversible spindle speeds 
from 160-2550 rev/min, and a further 
eight reversible speeds are provided by 
pick-off gears. 


Pre-punched programming 


The programme control system used 
on the 2D lathe automatically selects 


better work and less tool-regrinding. 

The system is based on the use of a 
punched board panel, rather like a 
patch panel (see Fig. 2), and limit 
switches. Shorting plugs inserted in 
the appropriate holes in the panel, 
select the required forward or reverse 
rotation of the spindle, spindle speed 
and spindle start and stop, and also 
a change of spindle rotation. The laj- 
ter change might be required for with- 
drawal of a tap or for such operations 
from the rear toolpost as parting-off. 
Automatic selection is actuated by 
slots in a stop barrel, fitted to the end 
of the capstan slide, which operate 





Fig. 1 Patch board control of this Herbert 2D capstan lathe regulates the speed, 
start, stop and reverse of the spindle as the turret is indexed 


spindle speeds and starts, reverses and 
stops the spindle, as required, when 
the turret is indexed. The system is 
claimed to reduce setting-up times, 
operational fatigue and also non-cut- 
ting times, but the fundamental ad- 
vantage is said to be that the operator 
uses the correct speed for the particu- 
lar operation. In effect, programme 
control not only eliminates the human 
element, but also ensures greater effi- 
ciency from unskilled labour, ie 
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limit switches (see Fig. 3). Thus, index- 
ing of the turret at the end of the re- 
verse traverse of the capstan slide, 
automatically selects the pre-pro- 
grammed conditions for machining 
from the next turret face. Change of 
spindle direction, however, after a tap- 
ping operation, is automatically 
effected at the end of the forward 
stroke of the capstan slide. 
Referring to Fig. 2, it will be seen 
that there are twelve vertical rows 





Fig. 2 Plugs are here inserted in the 
punched-board to control operations 
from face 6 only of the hexagon turret 


of holes in the punched plug board 
panel, a pair of holes to each of the 
turret’s six faces. Under each turret 
face number on the panel, the top two 
horizontal rows of holes determine 
the- direction of spindle rotation ac- 
cording to the positioning of the two- 
pin plug. A plug in row A, B, C or 
D determines which of the speeds of 
the four-speed pole-changing motor is 
required. A plug in either of the next 
two rows of holes will select ‘* fast’ or 
‘slow’ clutch, relative to each speed 
of the motors. Thus, any one of eight 
speeds can be selected for each turret 
face. A two-pin plug may also be 
inserted in the lower two rows of 
holes in the board, for either changing 
the direction of spindle rotation or for 
stopping the spindle. Fig. 2 shows 


Fig. 3 Slots in a stop barrel at the end 
of the capstan slide, operate limit 
switches to select the appropriate con- 
trol circuits for each face of the turret 
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plugs inserted to control operations 
from face 6 only of the hexagon tur- 
ret. It is in fact plugged-up to give 
clockwise rotation of the spindle, fast 
clutch, an intermediate speed of the 
motor and spindle stop. 


Turret-controlled switching 

Each of the turret’s six faces has a 
limit switch associated with it, this 
switch being actuated when the turret 
is indexed at the end of a particular 
machining operation. Each _turret- 
controlled limit switch will, when con- 
tacted, select the appropriate vertical 
double-row of holes on the plug 
board, so determining the direction of 
rotation of the spindle, the motor 
speed and, through magnetic clutches 
in a two-speed driving box, the spindle 
speed. The change in direction of 
spindle rotation, which will be re- 
quired after a tapping operation, for 
example, is obtained at the end of the 
capstan slide’s forward stroke by a 
stop bar and limit switch arrangement. 

A pre-programmed punched card is 
normally superimposed over the plug 
board to ensure that the shorting plugs 





Breathing 


7 


Fig. 4 The Herbert Autobar chuck gives 

automatic bar feeding to a pre-deter- 

mined length. A, swivelling lever; B, 

servo bar; C, adjustable stop; D, lever 
for manual operation of the chuck 

are inserted in the correct positions 

for a particular machining programme. 


Automatic bar feeding 


A further facility on the Herbert 
2D capstan is automatic feeding of 


controlled automatically 


AN ‘ELECTRONIC LUNG’ DEVELOPED AT 
the Barnet General Hospital and en- 
gineered by W. Watson & Sons Ltd. 
—a member of the Pye instrument 
group—is now in production by Wat- 
son (Patent Applications 4295/59 and 
4296/59). Called the Barnet ventilator 
(because it ‘ ventilates’ the lungs), it 
is understood to be the only device of 
its kind applicable to the alleviation of 
virtually all respiratory deficiency ail- 
ments. CONTROL understands that the 
equipment has been fully tested in the 
field, the original prototype having 
been used in Barnet General Hospi- 
tal for seven years and subsequent 
prototype models used at Barnet and 
other hospitals. 

Basically the equipment is a double- 
action pump which can either control 
a patient’s inspiration and expiration, 
or assist the patient’s respiration by re- 
inforcing his own attempts to breathe. 
The Barnet ventilator can be set-up 
to handle most human respiratory 
conditions, although its advantages are 


CONTROL December 1959 


probably best understood by compar- 
ing it with the iron lung. 

CONTROL is informed that the iron 
lung is by no means a common item 
in the hospital’s armoury, because— 
and despite publicity to the contrary— 
poliomyelitis is a rare disease in this 
country, and consequently the paraly- 
sis of the muscles of respiration which 
entails the use of an iron lung is rare. 

The iron lung is essentially an air- 
tight box which completely encloses 
the patient, except for his head. Pumps 
vary the air pressure in the box be- 
tween positive and negative values, 
each cycle causing the patient’s lungs 
to inflate and deflate within the proper 
physiological limits. 

The Barnet ventilator on the other 
hand, sustains breathing by literally 
pumping air into the lungs and, if 
necessary, pumping it out again. It 
can determine the number of respira- 
tions per minute, the ratio of inspira- 
tory to expiratory time and the 
volume of air entering or (more 





bar to the required length. This is pro- 
vided by the ‘Autobar’ chuck illus- 
trated in Fig. 4. Bars up to 8 ft long 
are fed to the 1-5in. capacity chuck, 
which is a pneumatically operated 
‘dead-length’ type. This Autobar 
automatic chuck opening and closing 
mechanism consists basically of an 
operating lever and an adjustable stop 
mounted on one face of the turret. 
Referring to Fig. 4, it can be seen 
that forward movement of the cap- 
stan slide will cause stop C to move 
lever A. The lever will swivel against 
bar B so opening a valve to admit 
air to a cylinder and thus open the 
chuck. Simultaneously, lever A pushes 
stop C forward. The bar, however, 
feeds forward against stop C, caus- 
ing lever A to push servo bar B 
further into the headstock. This action 
opens an exhaust valve and the clutch 
closes. The chuck will, of course, re- 
main open until the pre-set length of 
bar has been fed through it, this being 
determined by the setting of the turret 
slide and by the length of the adjust- 
able stop. Lever D is used to operate 
the chuck by hand, 
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Fig. 1 The light weight and flexibility 
of the Barnet ventilator enables patients 
to lead a less restricted life 


usually) leaving the lungs. It weighs 
56 lb only and, as can be seen in Fig. 
1, is easily transportable and gives the 
patient a great deal of freedom. The 
patient in Fig. 1 appears to have ' 
undergone tracheostomy, the gas feed 
being directed into the windpipe. This 
is normal for long-period use, as in 
respiratory paralysis, but an endo- 
tracheal fitting would be employed or, 
more usually, a mouth fitting for the 
short periods necessary in treating 
bronchitis, or for anaesthesia. 

The general mode of operation of 
the ventilator will be apparent from 
Fig. 2. The inspiratory to expiratory ra- 
tio having been set at, say 1-25 sec to 
4 sec, the solenoid will be opening and 
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closing the inspiratory and expiratory 
valves in such a manner that one will 
be open while the other is closed. 
Assuming that the inspiratory valve is 
closed, gas—air, oxygen or anaesthe- 
tic, as required—will flow at low pres- 
sure into the inspiratory bellows. This 
expands (taking with it the expiratory 
bellows to which it is linked) and after 
the set period (4 sec), the solenoid 
opens the inspiratory valve. The 
spring-loaded bellows collapses, driv- 
ing respiratory gas into the patient’s 
lungs. At the conclusion of the (1°25 
sec) inspiratory half-cycle, the sole- 
noid closes the inspiratory valve and 
opens the expiratory valve. 
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switch | 


Fig. 2 The Barnet Ventilator 

is based on the use of two 

bellows whose operation is 

determined by  time-con- 

trolled solenoid-operated 
valves 


Mains 


Gas 


The inspiratory bellows expands 
again, causing the expiratory bellows 
to expand and so exhaust the patient’s 
lungs. Assuming that the patient’s ex- 
halation is controlled by the ventilator 
(and this is not necessarily so) as well 
as his inhalation, the negative pressure 
applied to his lungs is determined by 
the negative pressure control valve. As 
the diagram shows, the patient may 
exhale to atmosphere via a non-re- 
turn valve. As the expiratory bellows 
expands, however, air will be forci- 
bly exhausted from the lungs, the nega- 
tive pressure involved being a function 
of the setting of the negative pressure 
valve. 

The positive pressure is similarly 
controllable using the spring on the 
bellows linkage arm. Varying the ten- 
sion of the spring will, of course, vary 
the rate at which the inspiratory bel- 
lows is collapsed, and hence the pres- 
sure that is applied to the lungs. 

As the two bellows are linked mech- 
anically, it follows that the positive 
pressure control will also determine the 
rate at which the expiratory bellows 
exhausts to atmosphere. 


As described above, the rate of res- 
piration is predetermined by the phy- 
sician. The Barnet ventilator can, 
however, operate under the control of 
the patient. If the device is operating 
at some pre-set rate of respiration, and 
the patient inhales during the expira- 
tory half-cycle, pressure will be sharply 
reduced at the expiratory bellows. A 
diaphragm-operated pressure switch 
will make, passing this information to 
the electronic controller. The latter 
will thenceforth control the solenoid, 
and its two associated bellows, in 
accordance with the patient’s respira- 
tory requirements. 


The controls and indicators on the 
ventilator include the variable inspira- 
tory and expiratory time controls, 
these being calibrated 0-5—4°5 sec. 
These controls operate a simple mech- 
anical computer of the quadrant type, 
to provide a separate indication of 
respiratory cycle time. The positive 
and negative pressure controls are 
described above, and the pressure 
gauge is in the inspiratory line. The 
volume gauge measures in litres, and 
is external to the ventilator—normally 
in the expiratory line from the patient. 
Two mechanical indicators attached to 
the bellows linkage give visual indica- 
tion that the ventilator is operating. 

The only other indicator is a volt- 
meter which indicates the state of the 
battery supply. The machine is vir- 
tually independent of the mains. The 
bellows are gas powered, and the elec- 
tronic time controller is transistorized 
and so requires little power. Connexion 
to a mains supply is usual in order 
that the 12-volt battery may be con- 
tinuously trickle-charged. Should the 
mains fail, however, the ventilator will 
run for up to twenty hours without the 
need for battery recharging. 


Pneumatic control of dispensers 


Regentone employ rotary indexers for dispensing components 


A 40% IMPROVEMENT IN EFFICIENCY IN 
their assembly section, is reported to 
have been achieved by Regentone 
Radio and Television after twenty 
‘Rotasembler’ rotary storage and 
dispensing machines had been in- 
stalled. The Rotasembler, which has 
been developed and is manufactured 
by Work Study Equipment, is a 
rotary indexing machine capable of 
storing large quantities of small com- 
ponents, and dispensing them in the 
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correct sequence for assembly, to a 
point a few inches from the assembly 
area. The indexing mechanism is 
compressed-air-operated by pneumatic 
control equipment manufactured by 
Maxam Power Ltd. The machine 
eliminates the necessity for an opera- 
tor to identify the various components 
of an assembly. 

The twenty Rotasemblers at Regen- 
tone, store and dispense small electri- 
cal components, such as the resistors 


and capacitors used 
printed-wiring 
receivers. 
The Rotasembler is 28 in. in cir- 
cumference and 26 in. high, and cap- 
able of storing up to 38 different com- 
ponents in 19 vertically-divided hop- 
pers. It is claimed that the 38 hoppers, 
thus provided, can each store as many 
as 2000 small components. Fig. 1 
shows an operator at Regentone tak- 
ing a component from one of the 38 


in producing 
radio and _ television 
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Fig. 1 Rotasembler in operation at Regentone’s Romford works. The operator is 
fitting a component into a printed board, whilst simultaneously reaching for the 
next component 


hoppers, while simultaneously insert- 
ing a second component into a printed 
wiring board. As can be seen, the feed 
lips of the two hoppers comprising 
each hopper unit are mounted one 
above the other, and fitted with ad- 
justable gates to regulate the flow of 
components to each lip. 

Although not apparent in Fig. 1, a 
separate Maxam foot valve and air 
cylinder arrangement folds over the 
wires or tags on the ends of each com- 
ponent inserted in the chassis. 


Pneumatic indexing 

The system of operation will be 
apparent from Fig. 2. The Rota- 
sembler unit is carried on a Y-shaped 
mounting plate (B) which is bolted to 
the assembly area at three points. In 
the centre of the Y-plate is a rigid 
support shaft located on a mounting 
block reinforced by steel buttresses. 
Over this shaft is placed a hollow 
drive shaft with a bearing journal at 
the upper end, the indexing mechan- 
ism being attached to the lower end. 
Two sets of three spokes (I) radiate 
from the drive shaft and these are 
attached at their outer ends to two 
support rings (A) which carry the 19 
removable double-hoppers. 

The indexing mechanism comprises 
ratchet and fixed gear wheels (C) at- 
tached to the drive shaft. The ratchet 
gear is driven by a short chain attached 
to the centre of a pivoted lever (D) 
at one end and to a spring (H) at the 
other. The pivoted lever is moved by 
the piston of a Maxam trunnion- 
mounted 1°5-in. bore, 2-in. stroke 
double-acting air cylinder (E) which 
is normally in the extended position. 
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When the Maxam foot-operated valve 
(K) is depressed by the assembly 
operator, compressed air passes to the 
forward end of the Maxam air cylin- 
der causing the cylinder piston to re- 
tract which in turn moves the lever 
and chain. During this movement, 


Main air supply 





the chain is drawn past the ‘ disen- 
gaged’ ratchet gear, the spring taking 
up the slack. 

When the foot valve is released, air 
passes to the mounting end of the 
cylinder, forcing the piston outward 
and thus moving the lever away from 
the ratchet gear. This draws the chain 
past the now ‘ engaged’ gear so turn- 
ing drive shaft and hoppers through 
some 19°. 

A braking system mounted on one 
member of the Y-plate comes into 
operation simultaneously with the 
movement of the hoppers. The brake 
(G) is held ‘on’ by a cable (F) at- 
tached to the pivoted lever. When the 
lever is moved by the air cylinder on 
operation of the foot valve, the brake 
cable relaxes, releasing the brake. The 
brake shaft is driven by a chain 
looped around both a gear on that 
shaft and a fixed gear mounted above 
the ratchet gear on the drive shaft. As 
the cylinder piston extends on release 
of the foot valve, the lever moves out- 
wards. This causes the chain to turn 
ratchet gear and drive shaft, and also 
the fixed gear which drives the brake 
shaft. This movement also tightens 
the brake cable and progressively 
brings the brake into operation. 

Among the advantages claimed for 
the Rotasembler is the almost total 
elimination of assembly errors. 


Foot-operated 
two-way valve 


Fig. 2 The Rotasembler’s pneumatically operated indexing system makes it possible 

te assemble up to 2000 components in an hour. A, ring of 38 hoppers; B Y-plate; 

C, ratchet and fixed gears on drive shaft; D, pivoted lever; E, Maxam air cylinder; 

F, brake cable; G, brake assembly; H, spring for chain slack; |, spokes attached to 

support ring; J, Maxam restrictor valve to slow outward/return movement of 
piston; K, Maxam foot-operated valve 
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IDEAS APPLIED ... 


.--to VELOCITY 
Small angle tachogenerator* 


V. Roe Lid., Weapons Division. 
J. A. WADE 

In conventional d.c. tachogenerators 
the armature conductors are rotated 
in a magnetic field which is contained 
in a radial air-gap formed between a 
cylindrical permanent magnet and a 
soft iron return path. The armature 
windings are usually bonded together 
to form a bell-like assembly which is 
entirely free of ferrous material. The 
absence of ferrous material in the arma- 
ture is a necessary feature if the gen- 
erated voltage is to be free of large 
transient voltage peaks occurring dur- 
ing commutation of each armature 
coil. Since the armature winding is 
unsupported by ferrous material, its 
rigidity is entirely dependent upon the 
bond provided by the varnish treat- 
ment given to the conductors, and 
under high acceleration and severe 
shock conditions this form of con- 
struction is prone to mechanical fail- 
ure. 

The limited angle tachogenerator is 
designed to operate over an angle of 
15°, since there are many servo 
applications where a d.c. generator is 
only required to work over a few de- 


Fig. 1 A cut-away view of a | in. 
tachogenerator 


Bobbin 
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Permanent 
Mounting magnet 
flange 
*Published by courtesy of the Chief Engineer, 
Weapons Div., A. V. Roe Lid. 
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grees. Full use of this feature has been 
made in providing an extremely robust 
generator which has an output sensi- 
tivity far in excess of that obtained 
from conventional d.c. tachogenera- 
tors of the same frame size. The 
limited angle tachogenerator is suit- 
able for use as a feedback generator 
where operation is required under 
high acceleration and shock conditions, 
and where a substantial driving torque 
is available. The construction of the 
lin. limited angle tachogenerator is 
shown in Fig. 1, the basic overall 
dimensions of which conform to the 











Rotor permanent 


magnet 


Fig. 2 Principle of generator operation 


N.A.T.O. a.c. servomotor housing size 
20, except in shaft size and overall 
length. 


Operation 

In the limited angle tachogenerator 
the generator rotor, which runs on 
large diameter sleeve bearings, con- 
tains a stable high-energy permanent 
magnet working into a soft iron stator 
containing two magnetic paths, one 
of which carries the generator wind- 
ing. The principle of operation is 
shown in Fig. 2. With the rotor in the 
mid-position, that it with the magnet 
poles opposite the gaps between the 
stator poles, the magnet generates flux 
only in the stator poles. On turning 
the rotor away from the mid-position, 


the flux decreases in the stator poles 
and increases in the portion of the 
iron circuit which carries the genera- 
tor winding. The stator and rotor pole 
shoe configuration is such that the 
output voltage is substantially propor- 
tional to the shaft speed over the 
limited rotor movement. A Mumetal 
shell provides screening of the gen- 
erator winding from stray magnetic 
fields. 


Sources of errors 

1. Frequency effect. Since a large num- 
ber of turns are contained in the stator 
winding, the generator impedance has 
a large reactive component. The choice 
of the gauge of wire and the number 
of turns used in the generator depends 
on the output required and on the de- 
gree of attenuation that is acceptable 
when the motion of the generator 
shaft is oscillatory. 

The frequency of motion of the 
generator shaft at which the cut-off 
point occurs may be increased by 
using fewer turns in the generator 
winding at the expense of output. Simi- 
larly the cut-off frequency may be in- 
creased by connecting the generator to 
a high impedance load. 

Under the oscillatory condition, 
eddy currents in the generator iron 
circuit produce a fall-off in output, 
particularly as the rotor moves from 
its centre position and the flux builds 
up in the main stator core. The stator 
core is therefore partially laminated 
to reduce eddy current losses. 

2. Temperature effects. Changes in 
temperature affect the conductivity of 
the stator windings and the magnetic 
properties of the rotor magnet. Under 
the steady state condition, a change in 
conductivity of the stator winding of 
the order of 0°4%/°C produces a pro- 
portional variation in calibration of 
the generator. Under the oscillating 
condition the variation in output is 


CONTROL December 1959 











: 


£8 PITT 


ower 


emer 


~ emer 


iy 


less since the reactive component of 
the impedance is predominant. The 
effect of temperature on the rotor 
magnet is only of the order of 0-02% 
variation in flux/°C, hence the change 
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Fig. 3 The output of a | in. tachogen- 
erator over 15° at constant rate 


in winding conductivity is mainly res- 
ponsible for the change in calibration 
of the generator with temperature. 
Temperature changes have no effect on 
the noise level at zero frequencies 
which is, in any case, extremely low 
due to the generator producing its 
own power. 

The generator insulation is designed 
to operate under Class B conditions. 


Performance , 

Two sizes of limited angle tacho- 
generator, having 1 in. and 3 in. dia- 
meter rotors respectively, have been 
manufactured by A. V. Roe & Co. 
Ltd. 

The output volts/rotor angular posi- 
tion, for a steady rotor velocity, and 
the phase shift and output linearity 
characteristics for the lin. version, 
are shown in Figs. 3 and 4. 

The sensitivity of 5 V/rad/s for the 
lin. version is equivalent to 500 V/ 
1000 rev/min. Thus, for a discrimina- 
tion of say 10 mV, a rotor speed of 
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Fig. 4 Phase shift and output linearity 
for a | in. tachogenerator 


0-02 rev/min may be measured. The 
sensitivity of the 3in. version is 300 
V/rad/s, so that for a discrimination 
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of 10 mV a rotor speed of 7-1°/h may 
be measured. 


Applications 

There are many applications for the 
limited angle tachogenerator in con- 
trol systems for both military and 
civilian use. The military use includes 
the velocity-feedback of control sur- 
faces of aircraft, marine craft and mis- 
siles. The civilian applications include 
velocity-feedback of slow moving 
hydraulic rams and reciprocating slide 
beds of machine tools. 


...- to VIBRATION 


A heavy damper 

The damping of a heavy structure 
from severe shocks or vibration may 
often lengthen its life considerably. 
Electrohydraulics Ltd. have recently 
pointed out that the failure rate for 
protected structures is approximately 
1/10 to 1/20 of those subject to un- 
protected conditions. An application 
in which this firm was concerned was 
the damping of severe shocks on the 
gas ducting of atomic power stations. 
These shocks may be imposed on the 
ducting in an earthquake, and it is 
essential that the ducts will not fail. 
A damper which they have designed 
to meet requirements like these is 
shown in Fig. 5. Moving axially within 
the cylinder is a piston which passes 
through a diaphragm, thus dividing 
the cylinder and forming a reservoir 
and damper chamber. Sealing rings 
are fitted between the diaphragm and 
the piston rod, and also between the 
gland and piston rod. 

When the piston moves down the 
cylinder the fluid displaced passes 
through fluid connexion A, the restric- 
tor, and subsequently into the reser- 
voir. The fluid from the reservoir will 
at the same time be drawn unrestricted 
through connexion B into connexion C 
of the damper. Movement of the pis- 
ton in the opposite direction reverses 
this flow sequence. 

The one-way restrictors incorporaed 
in this unit limit the travel of the 
piston in the event of sudden move- 
ment; during a slower movement, 
they offer negligible resistance. Longi- 
tudinal drillings in the piston rod per- 
mit the passage of fluid through non- 
return valves to both the upper and 
lower faces of the piston during re- 
charging of the unit. During this pro- 
cess fluid is discharged via the reser- 
voir and out at a fluid level connexion. 
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Recharging does not interfere with the 
damper function, and if the struc- 
ture flexes while recharging is in pro- 





Fluid level Fluid level 


connexion 


One way 
One way restrictor 
restrictor | 
a) Diaphragm 
Cylinder 


Fig. 5 A section through the damper 


cess, high pressure from the damper 
is prevented from reaching the filling 
lines by the non-return valves. 


... to SERVOS 


An introduction to hydraulic servo 
valves—3 


R. HADEKEL, Engineering Consultant, Sperry 
Gyroscope Co. Lid. 


This series of articles is addressed to engin- 
eers who are conversant with servo tech- 
niques in general, and who wish to acquire 
specialized information on hydraulic servo 
techniques. The first part dealt with one of 
the keys to these techniques—the servo valve. 
The second part gave the basic types of 
valves and their characteristics. Here the 
loads on slide valves and the types of two- 
stage valves are discussed. 


Owing to the limited force and stiff- 
ness available from the driving device, 
especially if this is a torque motor, a 
good understanding of the loads on 
valves is essential for successful valve 
design. 

Circular cylindrical slide valves are 
nominally balanced as regards forces 
transverse to the axis, but in practice 
this is far from being the case. One 
reason is that departures from the 
ideal cylindrical shape owing to manu- 
facturing imperfections are compar- 
able in magnitude to valve clearances, 
and this results in distortion of the 
theoretically symmetrical pressure dis- 
tribution pattern around the lands. 
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IDEAS APPLIED ... 


The other reason is that minute par- 
ticles of dirt lodge at the edge of the 
lands and cast low pressure shadows, 
again distorting the pressure distribu- 
tion. Both these effects result in trans- 
verse forces which cause appreciable 
friction forces. 

Some methods of overcoming fric- 
tion effects are shown below. 





Torque motor 


A.C. 


A dither applied to the input. Its fre- 
quency must be high enough to avoid 
unpleasant effects in system 


Torque motor 





Control 
signal 


Feedback of valve position. This effec- 
tively increases torque motor stiffness 


Wa Ua Ua 
ZAK By BZ 


By achieving radial balance, e.g. by the 
use of tapered valve bands, which give 
a decreasing gap in the direction of 
flow. Very fine tapers (comparable with 
the valve clearances) are required, and 
the oil must be closely filtered. Gen- 
erally the preferred method at present 


In two-stage valves, friction effects 
on the second-stage valve are not nec- 
essarily important, depending upon the 
type of two-stage arrangement. The 
first-stage valve is often inherently 
frictionless (flapper or nozzle valve). 

Hydrodynamic or Bernoulli forces 
arise from axial components of the 
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momentum of the fluid in the orifice 
jets, and are proportional to q\/(8p), 
where q is the flow and §p the pres- 
sure drop in the orifice concerned. 
They always tend to centre the valve. 
These forces are important as 


1. they may determine the size of 
the torque motor; 


2. they may have destabilizing 
action, as they tend to reduce the 
slope of the pressure-flow curves 
(and in extreme cases might re- 
sult in a negative slope). 


Methods of compensating Bernou- 
lli forces have been devised (particu- 
larly at the M.IL.T.), but have not be- 
come popular as they are construction- 
ally difficult, and it is usually con- 
sidered easier (in those cases where the 
forces might be troublesome) to over- 
come the difficulty by using two-stage 
valve arrangements. 


Two-stage valves 


Probably the vast majority of 
electrohydraulic servo valves available 
and in use are of the two-stage type. 
As implied in the foregoing text, two- 
stage arrangements are used essentially 
to reduce the work required (from the 
torque motor) to operate the valve, 
either because it would otherwise be 
inconveniently high or because the 
nature and magnitude of the forces 
involved on the main valve (particu- 
larly friction) would otherwise result 
in undesirable characteristics. Basic 
arrangements are equally applicable to 
all types of valves, both as regards 
first and second stages. The second 
stage is almost always a cylindrical 
slide valve; the first stage may also 
be a slide valve, or a flapper valve, or 
a nozzle valve. 

Differential pressure is usually 
generated by a flapper valve (which in 
the static condition produces a pres- 
sure differential proportional to valve 
displacement, or torque motor load) ; a 
first-stage slide valve is equally usable 
in theory. 


An open-loop two-stage arrangement 


Torque 
motor 


Differential 
pressure 


Spring 
centred 
piston 





As shown in the diagram below 
the second-stage valve itself forms the 
piston. Main features are: 

1. simplicity and low cost; 

2. gain is highly sensitive to supply 

pressure; 

3. arrangement is still sensitive to 
loads on the main valve, which 
must be reasonably friction 
free. This sensitivity can be re- 
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A two-stage valve 


duced by using a high spring 
rate, but only at the cost of in- 
creased standing losses from the 
first stage. 

to be concluded 


- - to REVOLUTIONS 
and RECOGNITION 


A recent demonstration by Mullard 
showed some of the uses of Combi 
Elements, one of their range of ‘ build- 
ing bricks’. 

A number of elements were com- 
bined into a unit which counted the 
number of revolutions made by a 
shaft, and indicated direction of rota- 
tion by comparing the phase of sig- 
nals from two pick-ups at right angles. 
Depending upon phase, the count is 
routed through an ‘ add’ or ‘ subtract’ 
channel, hence eliminating spurious 
results if the shaft is oscillating. 

Also demonstrated were Norbit 
units, which are basically transistor 
switching elements. These were made 
up to show the application of transis- 
tor static switching to a variety of 
sequencing and recognition problems. 

The basis of one such application is 
a small matrix of photo-transistors 
connected to a logic unit, which deter- 
mines the shape of an object passing 
the matrix unit. The sequence of ob- 
jects may be predetermined in the logic 
unit, and it may be arranged that an 
alarm signal is given if the sequence 
is disturbed. 
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NEWS ROUND-UP 


-~-INTERNATIONAL- 
Ifac’s Chicago meeting 


The General Assembly of the Interna- 
tional Federation of Automatic Control 
met in Chicago recently, at the invitation 
of the American Automatic Control 
Council. With President H. Chestnut 
in the chair, the delegates of thirteen 
national member organizations, hav- 
ing been authorized to represent five 
additional member organizations, resolved 
on a new Constitution, elected members 
to the Executive Council, and discussed 
the first Ifac Congress which is to be held 
in Moscow from June 27 to July 6, 1960. 

The Executive Council now consists of 
A. M. Letov (U.S.S.R.), President; H. 
Chestnut (U.S.A.), Past President; Ed 
Gerecke (Switzerland), First Vice Presi- 
dent; O. Benedikt (Hungary), Second Vice 
President; M. Cuénod (Switzerland), 
Treasurer; J. G. Balchen (Norway); J. F. 
Coales (U.K.); G. Evangelisti (Italy); 
K. Kaneshige (Japan); P. J. Nowacki 
(Poland); and Z. Trnka (Czechoslovakia). 
D. P. Eckman (U.S.A.) remains Chairman 
of the Advisory Committee and J. Loeb 
(France) was appointed Vice-Chairman. 
V. Broide (French citizen) was _ re- 
appointed as Honorary Editor, and G. 
Ruppel (Germany) as Honorary Secretary. 

About 420 abstracts from 19 coun- 
tries were submitted for presentation at 
the forthcoming Moscow Congress, and 
about 300 authors were invited to submit 
their papers. Both papers and discussions 
will be presented for the most part in 
English or Russian, but it is thought 
that translations from and into French 
and German will be possible also. 

The British member organization of 
Ifac is, of course, the British Confer- 
ence on Automation and Computation. 


——— eS 6 
Famous names go 


The recent announcement by Lord 
Chandos, Chairman of the A.E.I. com- 
panies, that British Thomson-Houston, 
Metropolitan-Vickers Electrical and Sie- 
mens Edison Swan are no more, came as 
a shock to many in the British electrical 
industry. These famous concerns become 
Associated Electrical Industries (Rugby) 
Ltd., Associated Electrical Industries 
(Manchester) Ltd., and Associated Elec- 
trical Industries (Woolwich) Ltd., respec- 
tively. This is, of course, part of the re- 
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from the world of control 


. organization of the A.E.I. group, a pro- 


cess which has been under way for 
several years and is now nearing com- 
pletion. 

The reasons given for these changes of 
name are connected with avoiding dupli- 
cation and overlap between the various 
A.E.I. firms, the possibility of confusion 
in customer’s minds as to which com- 
pany provides which product, and the 
necessity for a general tidying-up pro- 
cess in order that the group may trade 
as A.E.L 

Although it must be assumed that 
A.E.I. knows its own business best, one 
would have thought that—sentiment 
apart—names like Metropolitan-Vickers, 
B.T.H. and Siemens Edison Swan had a 
commercial value for outweighing any 
advantage accruing from rationalization. 
However, on January 1, 1960, they will 
no longer exist as trading organizations, 
although their names may continue to 
some extent in the form of trade marks. 


The A.E.I. organization 
Manchester The three companies will, 
under their new names, manage A.E.I.’s 
twelve Product Divisions, Thus Associa- 
ted Electrical Industries (Manchester) 
Ltd.—ex-Metro-Vick.—will control the 
Turbine Generator, Switchgear, Trans- 
former, Traction and Instrumentation 
Divisions. The latter Division combines 
the interests of Sunvic Controls Ltd. 
(which also goes) with the Instrument 
and Meter, X-ray, and Scientific Appara- 
tus departments of M.-V. 
Rugby Associated Electrical Industries 
(Rugby) Ltd—ex-B.T.H.—is to manage 
the Heavy Plant, Motor and Control 
Gear, and Electronic Apparatus Divi- 
sions, together with A.E.1.-Birlec Ltd. 
(the new name for the Birlec heat treat- 
ment and furnace manufacturing com- 
pany), and A.E.I. Lamp and Lighting Co. 
Ltd. 
Woolwich The interets of the Siemens 
Edison Swan Cables Division are com- 
bined with those of W. T. Henley’s Tele- 
graph Works Co. and Liverpool Electric 
Cables Ltd., in the new A.E.I. Cable 
and Construction Divisions which are to 
be managed by Associated Electrical In- 
dustries (Woolwich) Ltd. The other Divi- 
sions within the Woolwich (ex-Siemens 
Edison Swan) group include Telecom- 
munications, and Radio and Electronic 
Components. 

A.E.L, the largest British electrical 
manufacturer, although a relatively new 


name, is now more than ever a power to 
be reckoned with. 


Pacemaking in Sussex 


The American concern Electronic Asso- 
ciates Inc., manufacturer of the Pace 
analogue computer, has formed a British 
subsidiary company Electronic Associates 
Ltd., at Victoria Road, Burgess Hill, Sus- 
sex. The new company is equipped to 
study all types of system, to design and 
construct special-purpose analogue com- 
puters and simulators based on Pace 
modules, and to supply their other pro- 
ducts. In addition it will train Pace opera- 
tion and maintenance personnel for users, 
and provide before and after sales ser- 
vice. The British works will be managed 
by H. Turner, a director of Electronic 
Associates Inc., and the Managing Direc- 
tor is B. Murphy, who is General Man- 
ager of E.A. Inc.’s European (Brussels) 
branch. 





JASON CHASTENED. Sir John Cock- 

croft starts-up jason, the Hawker 

Siddeley Nuclear Power Co.'s first 

reactor, at Langley, Bucks. EMI closed- 

circuit television relayed the scene to 
remote monitors 


—ATOMIC ENERGY— 
A busy month 


Merlin 

November was a busy period in the 
world of nuclear power. On the 6th, 
A.E.L’s own private research reactor, 
Merlin, was officially opened at Alder- 
maston by the Duke of Edinburgh. 
CONTROL understands that some difficulty 
was experienced in starting up Merlin 
owing to a ‘control failure’. It appears, 
however, that an electrical fault had 
caused a control rod to drop in before 
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H.R.H.’s attempt to start-up the reactor. 
The control system had in fact failed 
safely. 


Fast breeder at Dounreay critical 
Information on the control characteris- 
tics and physics of fast breeder reactors 
will start to become available following 
the going-critical of the U.K.A.E.A.’s ex- 
perimental reactor at Dounreay on the 
14th. This is a plutonium producer which 
employs a liquid metal (sodium potas- 
sium) as coolant and for steam raising. 
The metal is circulated by electromag- 
netic pumps. 


Neutron project 

A.E.R.E. Harwell’s neutron-project lab- 
Oratory became operational on the Sth. 
This extends over twenty acres and houses 
what may well be the world’s most ex- 
tensive range of neutron time-of-flight 
spectrometers. 

The laboratory is centred on a machine 
which might be described as a combined 
electron linear accelerator and sub-criti- 
cal fast reactor. The accelerator generates 
an intense pulsed beam of electrons 
which impinges upon a mercury target 
to produce X-rays. These are directed 
upon a uranium target to produce neu- 
trons. In effect, the uranium target acts 
as a sub-critical fast reactor. Without 
electrons it will shut down and generate 
no neutrons. During the pulse, however, 
the neutrons produced from the electrons 
stimulate the reactor to burn at 10 MW 
and so release many more neutrons than 
could have been produced by the elec- 
tron beam alone. The reactor is quies- 
cent in between pulses and the mean 
nuclear output is, therefore, about 24 
kilowatts only. 

The accelerator is a travelling-wave 
linear electron type by Metro-Vick—now 
Associated Electrical Industries (Man- 
chester)}—which produces an instantane- 
ous beam current of 4 amp at 30 MeV. 


Neutron time-of-flight measurement 


An electronic timing technique deter- 
mines neutron velocity. Neutrons from 
a pulsed source are allowed to travel 
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B.E.A.’s COMET TAKE OFF. A training 
flight-simulator for the de Havilland 
Comet IVB jet aircraft was handed 
over by the Air Trainers Link division 
of General Precision Systems to British 
European Airways in November. Top: 
interior of the simulator’s cockpit; bot- 
tom: instructors’ control position. In- 
cidentally, Air Trainers have delivered 
a prototype flight simulator for the 
English Electric Lightning fighter air- 
craft to an East Anglian R.A.F. station 


down a number of 650-ft long evacuated 
* flight-tubes ’ which radiate out from the 
source like the spokes of a wheel. Speeds 
are determined by measuring the time 
between the start of a pulse and the 
arrival of neutrons at the end of the 
tube. The present machine can liberate 
some 10'! neutrons in 0-25us. The 
laboratory is interested in neutron speeds 
between 500 and 5,000,000 m/s. 

Already twelve experiments have been 
laid out in the area surrounding the 
heavily shielded building. Plans are now 
under way for a 980-ft long flight tube. 
Windscale 
The advanced gas-cooled reactor at 
Windscale is to have burst slug detection 
by Plessey Nucleonics. The system is 
based upon a square matrix arrangement 
of the fuel sampling pipes in that 16 ‘x’ 


co-ordinate detectors and 16 ‘y’ co-or- 
dinate detectors are employed to give 
continuous monitoring of the 253 fuel 
channels, without sequential gas samp- 
ling. Eight detector units are housed in 
one pressure vessel, so that a total of 
four such assemblies is required for the 
complete installation. Output signals 
from each detector are processed by 
transistorized ratemeters, using printed 
circuits, and the data are displayed in the 
control room by means of four eight- 
point recorders of conventional design. 

Incidentally, it was announced on the 
16th that the United States Atomic 
Energy Commission and the U.K.A.E.A. 
have signed a five-year agreement to ex- 
change technical information on advanced 
gas-cooled reactors. 


From Argonaut to Nestor 
The U.K.A.E.A. are purchasing a Nestor 
(neutron source thermal) reactor from 
Hawker Siddeley Nuclear Power Co. This 
is based upon the latter’s Jason reactor 
which itself grew out of the Argonne 
National Laboratory’s Argonaut. 

The first operational Jason was offi- 





cially inaugurated by Sir John Cockcroft 
at Hawker Siddeley’s Langley, Bucks., 
works on the 24th. A reactor simulator at 
Langley carried an amusing quotation by 
Warren Weaver of N.R.D.C.: ‘ The con- 
trol art is an old one. With the broad- 
est definition, it is a very ancient art; for 
one supposes that if Adam wished to 
control Eve’s vocal output, he had a 
simple mechanism, such as a_ well- 
balanced club, with which he doubtless 
brought it down a goodly number of 
decibels ’. 


—— COMPONENTS-—— 
High yields at Hazel Grove 


Some 70,000 transistors and diodes are 
produced every week at G.E.C. Semi- 
conductor Division’s Hazel Grove fac- 
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tory, which CONTROL visited recently. An 
average yield of between 70% and 80%, 
is claimed by the company, ‘with the yield 
on one device as high as 90°/,’. Over 100 
types of semiconductor are produced at 
Hazel Grove including low-power a-f., 
r.f., and power transistors; low-power 
silicon junction diodes; and medium- 
power silicon junction, diffused junction 
silicon, and germanium junction rectifiers. 

CONTROL was at Hazel Grove during 
the recent water shortage in that area. 
As the local reservoirs were extremely 
low at the time—they contained but four 
days’ supply—a certain amount of 
organic material was finding its way into 
the mains. A great deal of high-purity 
water is employed in the manufacture of 
semiconductors and de-ionized mains 
water is normally satisfactory. However, 
de-ionization will not remove organic 
matter and so trouble was being experi- 
enced, Some water was being brought in 
from elsewhere by tanker, and it is 
understood that plans have been made 
for sinking a bore hole. 

The days of fanatical cleanliness in 
transistor manufacture seem to be pass- 
ing. Hazel Grove, although reasonably 
aseptic, does not go in for that clinical 
cleanliness which used to be considered 
vital if a low reject rate was to be ob- 
tained. Apparently experience has shown 
many of the more dramatic precautions 
to be quite unnecessary. 


Glass-to-metal sealing 

Among the more interesting processes 
was a G.EC. technique for producing 
good glass-to-metal seals. The compo- 
nents are assembled, jigged and placed 
radially in a centrifuge consisting of a 
rotating annular boat with a lid, which is 
enclosed in a firebrick enclosure. The 
boat is flushed with an inert gas and 
heated by gas jets. The required speed 
of rotation having been set up, the cycle 
begins. The brick lid automatically 
descends to enclose the rotating boat and 
triggers the gas-air supply to heat boat 
and contents to a pre-set temperature. 
The temperature is held at this level for 
a given period, after which the gas is 
turned off and forced-air cooling under 
controlled conditions anneals the seals. 


Cold welding 

Cold welding is used for the hermetic 
sealing of semiconductors at Hazel 
Grove, a homogeneous weld being ob- 
tained without the application of heat. 
The surfaces of the metals to be joined 
are thoroughly cleaned and the metals 
compressed between dies, The surface 
films remaining after cleaning are dis- 
persed by the lateral flow of the mating 
surfaces, so that contact under pressure 
is obtained between perfectly clean 
metals. In such a weld the metal is con- 
tinuous across the join. 


Crystal thickness measurement 


An automatic crystal measuring 
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machine developed by G.E.C. is used to 
sort 1200 germanium or silicon wafers 
an hour, channelling them for different 
furnace temperatures according to thick- 
ness. The device is based on Southern 
Instruments’ ‘Magna-Gauge’. Each 
wafer is contacted by a capacitance probe 
and the resulting signal is fed to the com- 
parator gauge before being transferred to 
a ‘memory’ box. The signal operates a 
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In this instrument, resistances are suc- 
cessively paralleled by relays to modify 
the current in a standard resistor, and 
hence the potential difference, until 


balance occurs. 

‘An Analogue-Digital Converter with 
Long Life’ by R. L. Gilbert of Marconi 
Instruments, described an instrument for 
converting small voltages representing a 
measured parameter into a digital repre- 





1200 germanium or silicon wafers an hour are sorted for thickness by this machine 
at G.E.C., Hazel Grove 


solenoid-controlled chute to place each 
wafer in a particular size range. The 
same signal operates a counting device so 
that wafers may be sorted in batches of 
200. 


DATA PROCESSING 


Electronic digitizing 


The Brit..R.E.’s Symposium on Elect- 
tronic Digitizing Techniques, which was 
held on November 18, was well attended, 
the younger engineers in particular show- 
ing great interest. The Symposium opened 
with ‘A Survey of Digitizing Techniques’ 
by G. J. Herring of R.A.E.’s g.w. depart- 
ment. He discussed applications and the 
two main groups into which converters 
fall: mechanical and electronic, the for- 
mer being slower but more accurate than 
the latter. 

‘A Simple Analogue-to-Digital Con- 
verter with Non-Linearity Compensa- 
tion’ by W. N. Jenkins of Bisra, des- 
cribed a high-speed electromechanical 
switch (a motor driven uniselector) with 
a transistor switching amplifier. This can 
be used to digitize from most types of 
potentiometer recorder. 

G. P. Tonkin of Bristol Aircraft des- 
cribed a digital potentiometer, for mea- 
surements in multiple installations of 


strain gauges etc., in his paper ‘ The Step- 
by-Step Potentiometer as a Digitizer’. 





sentation. The device has a high input 
impedance, long service-free life, an 
accuracy of 0-1% of full-scale deflexion 
and a conversion time of 25 ms or less. 


J. A. Irvine and D. A. Pucknell of 
Ferranti, Edinburgh, described ‘A Wide 
Range Fully Automatic Digital Volt- 
meter’ and demonstrated a high-impe- 
dance, three-digit voltmeter with auto- 
matic polarity and range selection and 
an accuracy of + 1 digit over the range 
10 mV-1000 V. 


‘An All Electronic Four Digit Volt- 
meter’ by H. Fuchs and D. Wheable of 
Blackburn Electronics, dealt with the 
operation of the device and problems 
solved in engineering it. The automatic 
range-change circuit, which operates the 
input attenuator and deals with the errors 
arising from reverse grid current flowing 
in this attenuator, was described. 


The discussion which followed brought 
out the considerable interest which ex- 
ists in the digital presentation of data. 
The demand for digital presentation is 
growing rapidly. A representative of the 
motor car industry, for example, said that 
he employed a great deal of digital in- 
dication, albeit somewhat crude and 
simple, in order to obtain a record in a 
bouncing vehicle. 


An amusing series of questions led to 
a trial of strength between the Ferranti 
and Blackburn Electronics’ digital volt- 


141 





NEWS ROUND-UP 


meters. Most people were relieved when 
both instruments gave much the same 
answer. 


Orion fast and powerful 


The prototype model of Orion, Ferranti’s 
high-speed data processing system, is 
nearly complete and production has be- 
gun. The system is fully transistorized 
and incorporates Neuron logical elements 
enabling complex systems to be built 
around the central computer with the 
minimum of components. Facilities are 
provided for automatically sharing the 
time of the central computer between 
several programmes. Other notable fea- 
tures of Orion are automatic safeguards, 
known as lock-outs and lock-ins, which 
ensure that programmes in the computer 
cannot interfere with each other. 

The computer has a magnetic-core 
working store of capacity between 1024 
and 16,384 words, this being backed by 
magnetic drum units which are treated as 
peripheral devices. Addition and sub- 
traction will take 36-68 us, multiplica- 
tion 60-200 us, and division 300-900 us. 

Magnetic tape will be processed at 
high speeds. For example, 4} million 
words can be read or written by the com- 
puter in one minute. Various high-speed 
printers may be attached, including the 
Xeronic which can produce up to 3000 
lines of finished data per minute. 

Although smaller than Perseus, Orion 
will be up to twenty times faster and 
three to four times as fast as Mercury. 

CONTROL understands that the price of 
the system will fall within the range 
£100,000 to £300,000. 


-ELECTRONICS— 
Particles and furniture 


Lord Adrian was guest of honour at the 
recent joint annual dinner of the Radio 
Industry Council and the Electronic 
Engineering Association. He was intro- 
duced to the electronics industry by Lord 
Brabazon who said that, while he ad- 
mired the specialist who knew all about 
the shape of a particular kind of mos- 
quito’s wings in a part of Africa, he did 
not know why he should consider this 
fellow’s opinion on anything else. A man 
like Lord Adrian, however, who knew 
‘a lot about a Jot of science ’, was a very 
valuable man. 

Lord Adrian, who is Master of Trinity, 
Cambridge, proposed the toast to the 
industry. Electrons had been familiar 
enough in the days of J. J. Thomson and 
Rutherford, he said, but now we had an 
electronics industry exporting yearly 
goods worth £60 million. Its products 
were used for the control of engineering 
plant, and probably also for the control 
of the engineers themselves. Electronics 
people had not indulged in Latinate 
nomenclature like the medical fraternity, 
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but had added attractive new words like 
‘wobbulator’ to the English language. The 
practical achievements of his hosts, con- 
cluded Lord Adrian, showed atoms and 
electrons to be at least as real as tables 
and chairs, though this inference might 
seem hasty to the Oxford school of lin- 
guistic philosophers. 


——MOTOR CARS- 
Ford's nine miles of conveyer 


The Ford Motor Co.’s new paint, trim 
and assembly plant, which CONTROL 
visited recently, is a £10 million two- 
storey structure, measuring 1215 ft by 
630 ft, which is connected to the body 
shop by a 725-ft long bridge. The con- 
veyer system used for the movement of 
motor car bodies through the plant is by 
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required, e.g., for the diversion of bodies 
on to repair conveyers. 

The form of control employed is some- 
what negative, in that the two main con- 
trol panels are, strictly, mimic diagrams 
which indicate the flow of bodies and 
call attention to any hold-up. Such con- 
trol as is carried out is under manual, 
rather than automatic, supervision. The 
reasons for the absence of closed-loop 
controls are, of course, bound up with 
Ford’s need for flexibility in the flow- 
line production of motor-car bodies of 
varying type and colour scheme. 


ice NPP 
Hydraulics for the V.C.10 


Vickers hydraulic units by Vickers Inc. 
of Detroit are manufactured in this coun- 
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One of the control rooms for the motor-car body conveyers of the Ford Motor Co.’s 
new paint, trim and assembly plant at Dagenham 


Geo. W. King of Stevenage, and is some 
nine or more miles in total length and 
capable of holding over 1000 bodies in 
various stages of paint and trim. 


. - . automatically controlled ? 

The conveyer installation is described 
as being entirely automatic. It comprises 
overhead and floor conveyers incorporat- 
ing a system of indexers which call 
bodies from one section to another, with 
automatic transfer sections for movement 
from one system to another. This includes 
passing the painted bodies from the paint 
shop on the first floor to the trim and 
assembly shop below. There are two 
main control rooms in the new plant. 


. One on the first floor (illustrated), tracks 


and controls the flow of bodies through 
the entire paint system. A similar control 
room on the ground floor controls all 
conveyers and transfer equipment in the 
assembly system. Supplementary control 
panels are sited around the plant where 





try by Sperry Gyroscope, and the latter 
have received an order from Vickers- 
Armstrongs Aircraft (no connexion with 
Vickers Inc.) for such equipment for the 
new V.C.10 long-range jet airliners. Four 
Vickers hydraulic pumps—one to each of 
the V.C.10’s four Rolls-Royce Conway 
engines—are to provide power for the 
aircraft’s main hydraulic services, com- 
prising powered flying controls, under- 
carriage raising and lowering, nose wheel 
steering, brakes etc. 

Six Vickers hydraulic motors will also 
be fitted to each aircraft, four for opera- 
tion of the leading-edge slats and flaps, 
and the other two to control tailplane in- 
cidence. 


——NEWS BRIEFS-—— 


‘Training Regulations’, now available 
from the Secretary, The Institution of 
Electrical Engineers, Savoy Place, Lon- 
don, W.C.2, outlines the L.E.E.’s require- 
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ments for the education and training of 
a professional engineer. 

* Pulse’, published by Kelvin & Hughes 
(Industrial) provides information on non- 
destructive testing and electronic instru- 
mentation. 


‘Russian Patents Gazette’ abstracts 
Russian patents (Opisanie Izobretenii) 
and is published by Technical Informa- 
tion Co., Chancery House, Chancery 
Lane, London, W.C.2. 


Printed circuits: a series of six lectures 
on this subject will be given by P. G. L. 
Vivian of Ultra Electric at Norwood 
Technical College (Knight’s Hill, West 
Norwood, London, S.E.27) on Tuesday 
evenings beginning January 12, 1960. 
AMP Ine., U.S.A. (solderless terminals, 
connectors and crimping tools) now has 
four European subsidiaries: AMP Italia 
S.p.A., Turin; Deutsche AMP G.m.b.H., 
Diisseldorf; Société AMP de France; 
AMP Holland N.V.; Aircraft Marine 
Products (G.B.) Ltd. The latter have 
moved to 87-89 Saffron Hill, London, 
E.C.1; Telephone: Chancery 2902-8. 
Modac connectors by Plessey associate 
Modern Acoustics Ltd. are now manu- 
factured by Plessey’s Wiring and Con- 
nectors Division at Cheney Manor, Swin- 
don. This Division now produces all elec- 
trical connectors. 


Laurence, Scott & Electromotors wish to 
contact ex-apprentices of the firm for a 
possible re-union. Contacts : W. F. Symes 
at Gothic Works, Norwich, or telephone 
T. J. Barfield in London, TEM 5223. 


LC.T. Australia: the Hollerith and 
Powers-Samas interests in Australia have 
been taken over by International Com- 
puters and Tabulators Australia Pty. Ltd. 
under Chairman Sir Alexander Fitz- 
gerald, Deputy Chairman C. W. R. Boyce 
and Directors F. G. Dowding, W. H. 
Jones, E. C. Howie and G, A. Redhouse. 


Radio Research Station, Slough: J. A. 
Ratcliffe will be Director from October 
1, 1960, when R. L. Smith-Rose retires. 


Industrial Training Council concerned 
with ‘the problem of finding sufficient 
trained men, scientists, craftsmen and 
management’ has been set up by the 
Central London Productivity Association. 
Lang Pneumatic have installed Telex in 
London (23128) and Wolverhampton 
(33193). A branch has been opened at 
107 Pinstone Street, Sheffield, 1 (Tele- 
phone: Sheffield 27865) under Represen- 
tatives J. M. Kenworthy and G. Shaw. 


Level controls type TLC, transistorized 
capacitance-operated, by Lancashire 
Dynamo Electronic Products, are 
approved as intrinsically safe for hydro- 
gen/ethylene/pentane class gases. 


NEWS ROUND-UP 


Datum Metal Products Ltd, have moved 
into a new factory at Colne Way Trading 
Estate, The By-Pass, Watford, Herts. 
(Telephone: Watford 22351). 


Bristol-Ferranti Bloodhound, semi-active 
homing surface-to-air weapon, which is 
in service with the R.A.F. and in Sweden, 
has been ordered by the Australian Min- 
istry of Defence. 


Closed-circuit television division cover- 
ing the Marconi Co.'s activities in the 
military, scientific, industrial, commercial 
and educational applications of closed- 
circuit TV, has been set up under V. J. 
Cooper (Manager and Chief Engineer), 
J. E. H. Brace (Deputy Manager and 
Chief of Sales and Contracts), and N. N. 
Parker-Smith (Chief Development Engin- 
eer). 

Pegasus digital computers have been 
ordered from Ferranti by the Road Re- 
search Laboratory of D.SI.R. and by 
the Operational Research Department of 
the Steel Co. of Wales. 


Gresham Automation Ltd, has _ been 
formed to handle the Gresham unit se- 
quencing system. Directors are J. P. 
Coleman (Chairman of Gresham Trans- 
formers and the Gresham Lion group) 
and R. M. Campbell (Director of 
Gresham Transformers). Dr. D. B. Foster 
is consultant to the Board. 





LOOKING 
AHEAD 


Unless otherwise indicated, all events take place in 
London. B.C.S. British Computer Society, Brit. 
1.R.E. British Institution of Radio Engineers, 1.E.£. 
Institution of Electrical Engineers, R.Ae.S. Royal 
Aeronautical Society. S1.T. Society of Instrument 
Technology. 


TUESDAY 15 DECEMBER 

Discussion on Data Handling Problems in 
Atomic Installations (Opened by D. Taylor). 
I.E.E. 

TUESDAY 15 DECEMBER 

Half-day Symposium on Magnetic Record- 
ing Techniques. 3 p.m. and 6 p.m. Brit.I.R.E. 
WEDNESDAY 16 DECEMBER 

Random Inputs and Load Variations by 
J. F. Coales. 6.30 for 7.0 p.m, S.LT. 
WEDNESDAY 30—THURSDAY 31 DECEMBER 
I.E.E. Christmas Holiday Lecture Colour 
Television by G. G. Gouriet 3 p.m. 
TUESDAY 5—THURSDAY 7 JANUARY 1960 
Symposium on Recent Mechanical Engineer- 
ing Developments in Automatic Control. 
Details: The Secretary, The Institution of 
Mechanical Engineers, London. 

THURSDAY 7 JANUARY 1960 

The Production and Assimilation of Meteoro- 
logical Observations by E. J. Sumner. S.LT. 
MONDAY 11—WEDNESDAY 13 JANUARY 1960 
6th National Symposium on Reliability and 
Quality Control in Electronics. Washington. 
Details: R. Brewer, General Electric Co. 
Ltd., Wembly, Middx. 

WEDNESDAY 13 JANUARY 1960 

Discussion on The Reliability, Maintenance 
and Serviceability of Computers. Brit.I.R.E. 
MONDAY 18—FRIDAY 22 JANUARY 1960 

44th Physical Society Exhibition, Royal 
Horticultural Society’s Halls, Westminster 
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TUESDAY 19 JANUARY 1960 

Discussion on Superseding the Ratio Arms 
in A.C. Bridges (Opened by C. G. Mayo). 
[.E.E. 

WEDNESDAY 20—THURSDAY 21 JANUARY 1960 
Managerial and Engineering Aspect of Relia- 
bility and Maintenance of Digital Computer 
Systems. 1.E.E. os 
TUESDAY 26 JANUARY 1960 

Symposium on Flame Failure Detection. 
SLT. 

WEDNESDAY 10—FRIDAY 12 FEBRUARY 1960 
Solid State Circuits Conference, Philadelphia. 
Details: The Chairman, 1960 Solid State 
Circuits Conference, General Electric Co., 
Electronics Laboratory, Electronics Park, 
Syracuse, New York, U.S.A, 

THURSDAY 11 FEBRUARY 1960 

Measurement, Automatic Control and Data 
Reduction as Applied to a Cyclic Plant by 
T. A. Lucas. S.1.T. 

WEDNESDAY 17 FEBRUARY 1960 

Faraday Lecture—Electrical Machines by 
Prof. M. G. Say. Central Hall, London 
MONDAY 22—FRIDAY 26 FEBRUARY 1960 
First Engineering Materials and Design 
Exhibition and Conference. Earls Court 


Looking Further Ahead 

WEDNESDAY 16 MARCH 1960 

The Simulation of a Large Chemical Plant 
on an Electronic Analogue Computer by 
A. H. Doveton and K. C. W. Pedder. S.1.T. 
SATURDAY 12—MONDAY 21 MARCH 1960 

42nd International Trade Fair. Lyons 
MONDAY 21—TUESDAY 22 March 1960 
Discussion on The Computer in Production, 
I.Mech.E. 

TUESDAY 29 MARCH 1960 

Application of Transistors in Instrumentation 
by G. G. Bloodworth. S.LT. 

TUESDAY S5—SATURDAY 9 aAPRit 1960 

Ninth Electrical Engineers Exhibition. Earls 
Court. 


THURSDAY 7 APRIL 1960 

The Electronic Computer as a Unit in an 
Automatic Electronic Data Processing Sys- 
tem for Missile Trials by W. C. J. White 
and D. L. Overheu. S.LT. 


MONDAY 25—SATURDAY 30 APRIL 1960 


Production Exhibition, National Hall, 
Olympia 

TUESDAY 26 APRIL 1960 

Control Section Annual General Meeting 


6.15 p.m. Some Recent Advances in Indus- 
trial Electrical Control Techniques. S.1.T. 
TUESDAY 3—FRIDAY 13 May 1960 
Mechanical Handling Exhibition and Con- 
vention. Earls Court 

MONDAY 23—SATURDAY 28 May 1960 
Instruments, Electronics and Automation 
Exhibition, Olympia 

FRIDAY 10—SUNDAY 26 JUNE 1960 

British Exhibition U.S.A. New York 
FRIDAY 24 JUNE—FRIDAY 8 JULY 1960 
International Machine Tool Exhibition. 
London 

SATURDAY 25 JUNE—TUESDAY 5 JULY 1960 
Moscow Congress for Automatic Control. 
Details: International Federation of Auto- 
matic Control, Prinz-Georg-Strasse 70, Diis- 
seldorf, Germany 

THURSDAY 21—WEDNESDAY 27 JULY 1960 
Third International Conference on Medical 
Electronics. Olympia. 

MONDAY 5—SUNDAY 11 SEPTEMBER 1960 
S.B.A.C. Flying Display and Exhibition. 
Farnborough 

WEDNESDAY 21 SEPTEMBER—SATURDAY 

1 OCTOBER 1960 

International Factory Equipment Exhibition. 
Belle Vue, Manchester 

WEDNESDAY 19—WEDNESDAY 26 OCTOBER 
1960 

Interkama International Congress and Ex- 
hibition for Instrumentation and Automa- 
tion. Diisseldorf 
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PEOPLE 


IN CONTROL 
by Staffman 


On November 10 the new Post- 
master General, J. R. Bevins, saw the 
first experimental electronic telephone 
exchange at the Post Office’s Dollis 
Hill Research Station. He appears in 
my heading illustration in company 
with the P.O.’s chief engineer, and 
directors of four of the five telephone 
equipment manufacturers who co- 
operated with the P.O. in producing 
the new exchange. The exchange will 
probably go into operation at High- 
gate Wood in 1961-2. My photograph 
shows, left to right: Sir Thomas Eades, 
Chairman of the Automatic Telephone 





SIMMONDS 
semiconducts directs 


ELLISON 


and Electric Co.; Sir Lionel Harris, 
Engineer-in-Chief of the Post Office; 
the P.M.G.; J. N. Aldington, Group 
Managing Director of Siemens Edison 
Swan—Associated Electrical Industries 
(Woolwich) from January 1; F. C. 
Wright, Managing Director of Stan- 
dard Telephones and Cables; and R. 
Robinson, Director in charge of 
G.E.C.’s Telephone, Radio and Tele- 
vision Works: J. H. Mitchell, Director 
of Research at Ericsson Telephones— 
the fifth member of the quinquepartite 
telephone manufacturing industry—is 
conspicuous by his absence. 


I was surprised to hear that K. R. 
Simmonds had left Texas Instruments 
to join International Rectifier Co. 
(Great Britain) Ltd. as General Man- 
ager. Both companies are, of course, 
associated with American firms and 
both market semiconductors, although 
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Texas’s interests lie mainly in the tran- 
sistor field whilst International Recti- 
fier are more concerned with heavier 
work. Lord Halsbury who, it may be 
recalled, was N.R.D.C.’s Managing 
Director, a position he gave up to be- 
come Vice Chairman of Lancashire 
Dynamo, is International’s Chairman. 
Simmonds tells me that International 
has moved into a new factory at Hurst 
Green, Surrey, and will shortly manu- 
facture medium and high power silicon 
rectifiers and a silicon controlled recti- 
fier of 10 amp at 200 volt rating. 
International Rectifier’s Engineering 





SWINN ANDERSON 
travels navigates 


Manager is Peter Ransom who joined 
from A.E.I.’s Semiconductor Research 
Laboratory at Rugby. 


Wing Commander E. W. Anderson, 
this year’s President of the Institute of 
Navigation, is Project Manager of 
Sperry Gyroscope’s Bracknell Division. 
He tells me that ‘the main weakness 
in navigational thinking, particularly 
on the academic level, is the divorce 
of the flying control of an aircraft 
from its positional navigation. There 
are three servo loops in air navigation,’ 
he said, ‘ the outer positional loop, the 
inner steering loop, and—the inner- 





-most and shortest term of all—the 


flying loop. All three should be inte- 
grated into a single science’. 





Appointed Joint Managing Directors 
of the long-established _ electrical 
switchgear and motor control gear 








EADES HARRIS BEVINS 











ALDINGTON 
wrong number 


WRIGHT 


firm, George Ellison Ltd., of Birming- 
ham, are Thomas G. Ellison and 
Arthur E. Skan. Ellison, son of the 
founder of George Ellison Ltd., is also 
Chairman of the company as well as 
Chairman of the associated companies, 
Alfred Ellison Ltd., and Tufnol Ltd. 
Skan is a Director of all three. 





*I have moved from an interest in 
things to an interest in people’ said 
D. W. Davison when I asked him to 
comment on his transference to 
Plessey’s Central Personnel Executive. 
Davison, who has been in research 
and development in industry for twenty 
years, in both this country and Austra- 
lia, is to assist Plessey’s Personnel 
Director, A. M. Brown, with scientific 
and technical appointments. 


Arthur W. J. Lewis, who is the 
Labour M.P. for West Ham North, 
tells me that he has been appointed 
the East German government’s sole 
purchasing agent for electronic equip- 
ment. At the moment he is trying to 
help them purchase the complete plant 
and equipment for the factory manu- 
facture of transistors. Another East 
German requirement is for control and 
regulating equipment for cement and 
sugar manufacture. 


Formerly Technical Sales Manager 
of Kelvin & Hughes (Industrial) Ltd., 
Herbert Slack has, at 32, been appoin- 
ted to the Board as Sales Director. 
He explained to me the three broad 
groups into which the products of the 
Industrial division fall: ultrasonics; 
high speed pen recording; and indus- 
trial measurement and control for 
small boilers and the plastics industry. 

Back from a visit to Spain is Honey- 
well Controls’ Bill Swinn, who recently 
toured steel centres in that country at 
the invitation of Honeywell’s Spanish 
Associates Omnium Iberico Industrial 
S.A. Swinn presented a paper on fur- 
nace instrumentation. 
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ADVERTISER’S ANNOUNCEMENT 


Electrical Aids in Industry 


Went es 


Good lighting affects productivity in three ways, 
(1) by directly increasing the speed of working and 
reducing errors and wastage, (2) by improving 
overall factory efficiency through better supervision 
and housekeeping, (3) by providing better working 
conditions, thus improving labour relations and 
avoiding frequent changes of workpeople. 


It is not possible to judge by the eye alone 
whether the lighting in any factory is good enough 
to serve these purposes because the eye has a 
tremendous range of adaptation (vision of some 
kind is possible within an illumination range of 
1,000,000 to 1) and is hence an unreliable 
measuring instrument. Severe mental and eye 
Strain or unconscious slackening of working speed 


may occur under lighting which appears to be 
adequate. 


The only reliable way to appraise factory lighting 
is to conduct a lighting survey using a lightmeter, 
an inexpensive instrument which measures the 
actual illumination available. These figures can 
then be compared with official recommended 
values for the various tasks. 


Lighting Survey 
A methodically conducted lighting survey is the first 
step towards achieving good productive lighting. 
The average artificial illumination at working height 
should first be measured. This requires a number of 
readings at various posi- 
tions relative to the 
lighting fittings, particu- 
larly beneath and be- 
tween fittings and by the 
wall. The average of 
the readings should then 
be compared with the 
illumination values recommended by the Illumi- 
nating Engineering Society. The following is a 
general guide to illumination requirements. 


NATURE OF ILLUMINATION 
WORK, PROCESS OR MATERIAL LUMENS /SQ.FT. 


Rough or routine work. Large detail. 
Medium to light material of good 
contrast. 


As above, but work rather more 
skilled or critical. 

Ordinary work usually involving 
workers’ inspection. 

Medium detail and contrast. 
Fairly critical work, fairly small 
detail or poor contrast. 

Skilled work, small detail 

or dark material. 

Fine or critical work, very small 
detail, very poor contrast or 
very dark material. 

Very fine exacting work. 

Minute work. 


Data Sheet No. 6 


In addition, readings should be taken at selected 
working points with the lightmeter so placed that it 
measures the light on the work while the operative 


is working. This will indicate whether full use is 
being made of the light or whether shadow is 
obscuring part of it. 


Glare 


Any direct light on the eye tends to reduce its 
sensitivity—thus reducing the power to see. 
Increasing the intensity of the light source may 


therefore not improve matters unless care is taken to 
avoid glare either by correct positioning or by the 
use of correctly matched reflectors and lamps. 


Walls and Ceilings 


Certain surfaces and certain colours absorb light and 
therefore do not make the best of a light source; 
others reflect light and, so to speak, feed back on to 


‘the work a portion of the lighting which would 


otherwise be lost. Bright walls, moreover, have a 
good psychological effect which makes for contented 
—and therefore productive —operatives. 


Shadows 


Unnecessary shadows may seriously slow down work 
and also cause accidents. Lightmeter readings 
should always be taken under conditions exactly 
similar to those obtaining while a 

work is going on. The operative-° — 

himself may mask his work, an _--* 

overhead crane or a heavily loaded~ 

conveyor belt may periodically 

obscure a light fitting, or a dust- 

laden atmosphere may reduce the 

designed lighting values. 


For further information, get in touch with your 
Electricity Board or write direct to the Electrical 
Development Association, 2 Savoy Hill, London, 
W.C.2. Telephone : TEMple Bar 9434. 


Excellent reference books are available on 
electricity and productivity (8/6 each or 9/- post 
free)—‘“ Lighting in Industry” is an example. 

E.D.A. also have available on free loan in the 
United Kingdom a series of films on the 
industrial uses of electricity including one on 
industrial lighting. Ask for a catalogue. 
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DIGITAL RECORDER 


with up to 288 channels 
A recent multi-channel digital millivolt 
recorder is designed to record multi-chan- 
nel strain gauge or thermocouple out- 
puts, and will give a full scale decimal 
digital output for inputs ranging from 
15 to 50mV recorded on a Creed tape- 
punch or an IBM electric typewriter. 
Single outputs may be fed to an illumin- 
ated numerical display. 

The equipment is rack-mounted in a 
substantial cabinet 3 ft 6in. high. Unit 
construction is used throughout and the 
rack contains the display unit, channel 
selectors, digitizer chassis, control] unit, 
output unit and power unit. 

The multi-channel digital millivolt re- 
corder is manufactured by Bristol Air- 
craft Ltd., and distributed by Southern 
Instruments Ltd. 

Tick No 251 on reply card 


ACCELEROMETER 


high performance, low cost 


The MV 300 accelerometer is available 
in a selection of models whose sensitivi- 
ties range from 0-5 to 8-0V/g when 
working into a 0-5 megohm load, with 
natural frequencies from 137 to 34¢c/s. 
The full scale output is 25 V. 

The overall hysteresis is less than 0-7% 
of the amplitude, and cross-coupling 
errors are less than 0-2%. Stops capable 


Full scale output is 25 V 


of withstanding high shock loads and 
sustained overloads of the order of 100 g 
are fitted. 

The maximum zero error is 1:5% of 
full scale and its maximum temperature 
coefficient is 2-5SmV/°C. Normally a 
sensitivity tolerance of + 5% is adequate, 
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but for special purposes this figure can 
be exceeded. The temperature coefficient 
of sensitivity is less than 0-2%/°C. 

The weight is 94 g and the dimensions 
are 1-3 X 1-1 X 1-7in. The supply is 
11SV 2-4 kc/s. 

The manufacturers are de Havilland 
Propellers Ltd. 

Tick No 252 on reply card 


FREQUENCY METER 


speeds up to 300,000 rev/min 
The frequency meter (type 265) is a 
small, light, transistorized instrument 
which may be operated from internal 
batteries or an a.c. mains supply. Its 
range is 10c/s to 100kc/s, and the 
accuracy over most of the range is + 5%, 
f.s.d. Inputs signals may be of any 
amplitude between 0-075 and 30 V r.m.s. 

An optical probe (type 283) is avail- 
able for use with the frequency meter, 
and in this way the meter may be em- 
ployed as an electronic tachometer. The 
frequency range of the probe is from 
5c/s to Ske/s, this latter frequency cor- 
responding to shaft speed of 300,000 rev/ 
min when there is only one transition 
from light to dark per reduction. With 
a shaft painted black and white the maxi- 
mum operating distance is 5 in. 
Tick No 253 on reply card 


SIMULATOR 


for nuclear reactors 


A nuclear reactor analogue simulator 
has been designed which can simulate a 
thermal or a fast fission reactor running 
at low power throughout its power range 
up to a level of 100 kW. The five groups 
of delayed neutrons associated with the 
fuels uranium 235, 233 or plutonium 239 
can be reproduced. An additional theore- 
tical fuel, uranium 235/2, illustrates a 
two-group treatment of delayed-neutron 
effects and emphasizes the effect of de- 
layed neutrons on reactor control. 
Provision for the study of automatic 
control systems, and the calculation of 
changes in reactivity due to the fission 
product poisoning, temperature coeffi- 
cient and thermal transient effects can 
be incorporated to suit any requirement. 
In association with the simulator a 
reactor core model represents a cross- 
section of a typical graphite-moderated 
nuclear reactor, complete with fuel ele- 


ments, control and safety rods. The 
model displays an illuminated pictorial 
representation of changing conditions 
within the reactor core. It is automatic- 
ally linked to the simulator and oper- 
ates in synchronism with its correspond- 
ing controls, or alternatively it can be 
individually operated. 

The simulator (Mk. 1) costs £3100, 
without the reactor core model, and is 
manufactured by Vickers-Armstrongs 
Ltd. 

Tick No 254 on reply card 


TEMPERATURE CONTROLLER 


for heating systems 
An automatic boiler-temperature control- 
ler from Samson Controls uses two ther- 
mostats, integrally connected in one sys- 
tem filled with a liquid having a coeffi- 
cient of expansion. One thermostat is 
fixed in the open air and the other is 
connected into the boiler or boiler flow 
stream. The thermostats work in conjunc- 
tion with one another. Simple controls 


Cheap, well-made 


are provided for setting the desired boiler 
temperature and any combination of 
open air/boiler flow temperatures can be 
accommodated. A  manually-operated 
switch, marked ‘ day’ and ‘ night’, pro- 
vides an automatic lowering of the boiler 
temperature through the night. 

The capillary tube connecting the out- 
side thermostat to the unit is compen- 
sated so that it is unaffected by the tem- 
perature of either the boiler room or any 
other space through which is passes. This 
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From this 1 


Mercury-in- 
steel dial 
Brass-cased tank thermometer, 
and pipe distance-reading 
thermometer 


10” multipoint pyrometer 
Disc chart pressure recorder indicator 


and everything between! 


A single thermometer to a complete installation. 

We produce a wide range of industrial indicating, 

recording and controlling instruments. Our service Air-operated 

includes a contracts department for the engineering and ee 

installation of complete instrumentation schemes. transmitter Air-operated 
compound controller 


“* Mersteel ” 
Dial Pressurestat recording thermometer Valve positioner Recording hair hygrometer 


INSTRUMENTATION BY— 


NEGRETTI & ZAMBRA 


NEGRETTI & ZAMBRA LIMITED 122 REGENT STREET, LONDONW1 Manufacturers of instruments for the indication, recording, controlling of:— 
temperature, pressure, liquid level, volume, specific gravity, humidity, etc. 
Also meteorological and aircraft instruments, 
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[New for Control 


tube is plastic-covered and is available 
in lengths of 18, 36 or 72 ft. 

This unit is available in two models, 
one to control the automatic burner of 
an oil fired boiler; and the other, com- 
plete with electric motor, connecting 
chains, etc., to control the settings of 
the flue and boiler dampers of a solid- 
fuel boiler. The prices are £26 4s for the 
former and £36 18s for the latter, both 
with 18 ft of capillary tube. 

Tick No 255 on reply card 


HYDRAULIC VALVE 


for the die-casting industry 
The Sinclair-Collins four-way cylinder- 
operated hydraulic valve is now available 
from Hunt & Mitton. It will handle pres- 
sures up to 3000 Ib/in*, and can be used 
with a single or double solenoid pilot- 
operated Speed King control valve. The 
valve comes in three sizes—l, 14 and 
2in.; and uses air pressures of 60 to 125 
Ib/in? for a power source. 

The valve was designed for the die- 
casting industry where water is often 
used as a hydraulic medium in casting 
machines. Diaphragm valves are too 
slow, and a four-way valve such as this 
one is needed that will not reverse itself 
if a supply fails. 

Tick No 256 on reply card 


DATA PROCESSING 


using a new computer 
IBM United Kingdom Ltd. have an- 
nounced details of the fully transistor- 
ized 1620 data-processing system, a small 
but powerful stored-programme com- 
puter designed for complex scientific en- 
gineering work. 
The IBM 1620, which can perform 
over 100,000 calculations a minute, con- 
sists of a central processing unit, paper 


tape reader and punch. The storage con- 
sists of 20,000 decimal digits of immedi- 


ate-access miagnetic-core storage with 
variable field and record length. In addi- 
tion to paper tape there is also direct 
input-output by console typewriter. 
Programming for the IBM 1620 is 
simplified by the availability of two ad- 
vanced programming systems including 
the IBM Fortran system, and a com- 
prehensive library of mathematical and 
statistical routines. 
Tick No 257 on reply card 


MAGNETIC AMPLIFIER 


for use with size 18 motors 
High-power magnetic amplifier (type 
R603) is designed for use with a size 18 
servomotor. It is hermetically sealed, and 
is made to the general requirements of 
MIL-T-27 by R. B. Pullin & Co. Ltd. 

A reversible d.c. input signal is needed, 
which is amplified and provides a phase 
reversible a.c. output to the control phase 
of the servomotor. Output voltage is in 
quadrature with the excitation. Model 
RH603, with similar electrical character- 
istics, is available on special order to 
operate up to 125°C. 

The characteristics of the amplifier are 
as follows: frequency 400c/s; primary 
voltage 115V; rated load impedance 
(tuned for unity power factor) 775 ohms; 
power output (into rated load) 18 W; 
voltage output (into rated load) 155 V; 
primary current (at rated output) 0-400 
A; quiescent control coil current 4mA/ 
coil; control coil resistance 5600 ohms/ 
coil; magnetic amplifier tuning capaci- 
tor 1-0“F (in addition to capacitor re- 
quired to tune load for unity power fac- 
tor); recommended control coil by-pass 
capacitors 0-1 4F; ambient temperature 
ranges: R603 —55°C to + 71°C; RH603 

53°C te. +128°C. 
Tick No 258 on reply card 


Two men at work with the IBM 1620 data processing system 




























































TAPE RECORDER 


for 14 channels 
A 14-channel portable magnetic tape re- 
corder weighing 1001b has been deve- 
loped by Precision Instrument Co. Based 
on the company’s seven-channel model, 
the PS-214 recorder/reproducer measures 





About 7 Ib/channel 


164 X 254 X 14in. Completely transis- 
torized, the PS-214 features modular con- 
struction and printed circuit boards to 
allow the interchange of any number of 
direct or FM channels up to 14. It has 
magazine-loading for rapid replacement 
of tape or substitution of a continuous 
loop magazine. Only 5 sec are required 
to change magazines. Any number of the 
PS-214’s available tracks can be used for 
high-frequency recording, low-frequency 
data, transient phenomena, and quasi- 
static measurements. A variety of data 
can be recorded concurrently with a com- 
mon time base. Six speeds are available 
by means of push button selectors and 
belt changes. 

Further information is available from 
B. & K. Laboratories Ltd. 
Tick No 259 on reply card 


POWER SUPPLY 


specially for strain gauges 
A fully transistorized six-channel strain 
gauge power supply (type AS 958) is now 
available from the Solartron Electronic 
Group Ltd. When working from trans- 
ducers into a high-gain amplifier a nor- 
mal stabilized power supply may produce 
a large amount of unwanted mains hum. 
To overcome this the AS 958 uses spe- 
cial transformers so that undesirable 
feed-through is reduced to a figure of 
less than 0-1% of full-scale output. The 
unit has been designed to work into 
bridges of a nominal 350 ohms resist- 
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Here are two new type In-Line Displays with all 
the features you have been looking for, now avail- 
able with |” or 5/8” illuminated figures. All numbers, 
characters, and data appear on the front surface of 
the unit, and are uniform in size and intensity. In 
addition to being faster and easier to read, the 
information may be quickly seen from any viewing 
angle. Designed as a single unit, the In-Line Display 
may be assembled in any desired grouping, present- 
ing a continuous surface for fast, easy reading. 


ASSEMBLY 


The In-Line Display Units are avzilable in groups 
of two or more with bracket ready for fast, easy 
panel mounting. Assemblies are provided with 
continuous viewing screen for utmcst legibility and 
eye appeal. 


ounting 
nstruments Ltd 


COUNTING INSTRUMENTS LTD. 5, ELSTREE WAY, BOREHAM WOOD, HERTS. 


Telephone: ELStree 1382 (4 lines) 
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Minimum hum 


ance, but may also be used with resist- 
ance bridges of higher impedance. The 
power supply incorporates six individual, 
fully-floating stabilized power sub-units. 
Each sub-unit is capable of providing a 
nominal 5V of regulated d.c. at up to 
20 mA. A sensitivity control allows varia- 
tion of the output voltage by + 5%. Also 
incorporated is a balance control capable 
of correcting initial bridge unbalance of 
up to 10%, of full-scale. 

Tick No 260 on reply card 


TEMPERATURE SENSORS 
transients up to 100,000 Ib/in’ 


Two unique temperature sensors, called 
Delta-couples, are manufactured by 
Advanced Technology Laboratories. They 
are designed to indicate rapidly chang- 
ing surface temperatures of steel struc- 
tures over a wide range of pressures and 
temperatures, and are offered with nickel- 
steel thermocouple junctions at either 
0-0002 in. below the surface of interest 
for maximum response, or at 0-002 in. be- 
low the surface where abrasion is a con- 
sideration. Two basic models are now 
available. The S1 was developed to with- 





Dime-size ! 


stand extremely high pressures, such as 
those experienced in gun chambers, while 
the threaded body of the model S2 faci- 
litates simple installation. Developed after 
years of experience in instrumenting high- 
energy, high-velocity guns, the sensors 
have successfully experienced repeated 


transient pressures of 100,000 Ib/in? and ~ 


transient temperatures in excess of 
2100°F. Rugged in design and precise in 
response, these units are claimed to be well 
suited for instrumentation of gun bores, 
rocket motors, internal combustion en- 
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gines, bearings, and process industry 
apparatus, and wherever rapidly fluctu- 
ating surface temperatures are exper- 
ienced. 

Tick No 261 on reply card 


SOLAR BATTERIES 
of high efficiency 


High-efficiency silicon solar battery 
modules are now available to provide 
the same power output, watt for watt, 
as dry cell and mercury cell batteries. 
Available from International Rectifier 
Co. (Great Britain) Ltd., these modules 
are designed for powering transistorized 
equipment during daylight operation, as 
well as for charging storage batteries for 
continuous day and night operation. 
Applications include power supplies for 





Sunlight power 


transistorized radios, telemetering and 
control circuitry, and numerous commu- 
nication equipment uses. 

The output voltage of the solar module 
is 1-75V at 30°C cell temperature, and 
1-5 V d.c. at 65°C (typical operating tem- 
perature in direct sunlight). Direct re- 
placement may be achieved by substitut- 
ing one SM5-1020B module for each 1-5 
V dry cell battery, and using as many 
parallel strings as required to supply the 
necessary load current. Each module will 
supply a load current of approximately 
35 mA in direct sunlight. 

Tick No 262 on reply card 


QUICK LOOKS 


The AS 870 is a new addition to the 
range of stabilized transistor power sup- 
plies made by Solartron. Maximum out- 
put is 30 V at 3 A, and high stability and 
comprehensive overload protection are 
claimed. 

Tick No 263 on reply card 


An indication of power-house efficiency, 
in addition to assistance in the control of 
harmful grit emission, is obtained by the 
use of a flue dust monitor. Dust concen- 
tration is determined by means of a den- 
sity wedge in a light beam, operating a 
photo-transistor. A second identical tran- 
sistor is used to provide reference, and 


both transistors are coupled to a differ- 
ential relays in the control unit. 

The instrument operates continuously, 
and records measurements at pre-set 
periods on a 24h chart. The monitor 
(the ‘Eel’) is manufactured by Evans 
Electro-selenium. 

Tick No 264 on reply card 


A series of n-p-n 60V 6A germanium 
alloy transistors has been introduced by 
Sylvania-Thorn Colour Television Labor- 
atories Ltd. Designed for power switch- 
ing applications the new series is claimed 
to be the only one of its type hitherto 
manufactured in this country. 

Tick No 265 on reply card 


A tape deck driven by three shaded-pole 
motors may be useful for use with con- 
trol equipment. It has electrical and 
mechanical brakes which enable fast re- 
wind times without undue stretch. The 
frequency response of the head is 30c/s 
to 17 kc/s at 74in/s. 

Tick No 266 on reply card 


A high-precision dial test indicator is 
now being distributed by Opptical- 
Mechanical (Instruments) Ltd. Readings 
to an accuracy of one micron over a 
range of 2 in. are claimed by the makers, 
Hahn and Kalb of Stuttgart. 

Tick No 267 on reply card 


EMI Electronics Ltd. has produced a 
compact monitor for monitoring radio- 
active contamination on benches, cloth- 
ing, and similar objects. All-transistor 
circuitry enables the instrument to be 
operated for long periods from a battery 
supply. 

Tick No 268 on reply card 


For sensitive control circuits B. & R. 
Relays are making a transistorized ampli- 
fier which may be integrated with their 
relay assemblies. One to three stages of 
amplification are obtainable, depending 
upon the input signal level; units are 
suitable for a wide range of ambient 
temperature. 

Tick No 269 on reply card 


The range of miniature timers (type 
MSC) manufactured by Electrical Remote 
Control Co. Ltd. has been extended. 
New timers (type ZX) have a switching 
capacity of 15 A at 230V ac. or 3A at 
440 V a.c. They can be supplied with up 
to twelve change-over switches. 

Tick No 270 on reply card 


A Swiss tension gauge is being marketed 
by James W. Carr. Eleven models are 
available, to cover from 0-3-2000 g, most 


of which have a maximum tension indi- 
cator. 


Tick No 271 on reply card 


High-vacuum distillation of heat-sensi- 
tive substances, carried out below their 
normal boiling point, offers fewer 
hazards than other methods. A 2in. 
vacuum still is suitable for experiment 
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h- NOW AVAILABLE— 

or 

be GENERAL-PURPOSE PRESSURE TRANSDUCER —TYPE NT. 4-313 

Ty 

FLUSH DIAPHRAGM BRIEF SPECIFICATION 
R. OUTPUT: Nominal 20 mV at 5V, DC 
i- STAINLESS STEEL CASE or AC r.m.s. (0-20 Ke/s) 
. excitation. 
eir 
INI ATURIZED—$/8’ DIAMETER STANDARD 0-100 p.s.i. to 0-5,000 p.s.i. 

a M / PRESSURE RANGES: gauge or absolute. 

Lower and higher ranges 
ire LINEARITY & HYSTERESIS 0.75% available on special order. 
nt COMPENSATED Temperature compensated 

INSENSITIVE TO ENVIRONMENT RANGE: ae; a = to + 
ZERO SHIFT: Not greater than 0.01% 
a INDIVIDUALLY CALIBRATED ee ap atk 
»te LINEARITY & Less than 0.75% full output 
od. HYSTERESIS: up to 2,500 p.s.i.g. + 1.0% 
. full output above 2,500 
; Write now for details of this new p.s.i.g. 
7 range of Solartron Transducers DIMENSIONS: #” (1S mm) nominal dia- 
up meter, 1” (26 mm) nominal 
length. 
ee roan? oe ss a Manufactured under exclusive licence from C.E.C., CALIF., U.S.A. 
/ eo ee \ 
ed | = a \ 
ure Sd : be. / 
C@®S\] AIRARIDYE)IN 
| SOLARTRON 
/ - f 
\ a m } 
ba _# 
1si- ‘Roe 
~ THE SOLARTRON ELECTRONIC GROUP LTD., 
ver Transducer Division, Thames Ditton, Surrey 
‘in. Tel: EMBerbrook 5522 Cables: SOLARTRON, Thames Ditton 
ent International Telex: 23842 Solartron T.Dit. 
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precision in pressure measurement 
































































































































































































































































































































"New for Controf) 


and small-scale production: full speci- 
fication is obtainable from the makers, 
Edwards High Vacuum Ltd. 

Tick No 272 on reply card 


A range of standard racks is made by 
Lunds from 10-gauge formed steel sec- 
tions, finished in hammered stove ena- 
mel. They are made to a depth of 19 in. 
for standard panel mounting, and hinged 
rear door and quick-release side panels 
make for easy accessibility. 

Tick No 273 on reply card 


A range of chokeless power supply sub- 
units has been produced by the Solartron 
Electronic Group. These are designed for 
continuous-duty pulse loading applica- 
tions, with pulsing controllable from zero 
to full load. The stability factor is bet- 
ter than 400:1, and the units enable a 
low source impedance to be held up to 
0-5 Mc/s. 

Tick No 274 on reply card 





This function generator (type SF-1) has 
an X-axis response time of approximately 
one second for f.s.d. It generates arbitrary 
functions using a servo system. Made by 
Alabama Automation Corporation. 

Tick No 275 on reply card 


New models of multi-stage non-syn- 
chronous timers are being made by Lan- 
cashire Dynamo Electronic Products, for 
incorporation into resistance welding 
machines. Units are in production for 
various control sequences, all including 
single or repetitive spot operation. 

Tick No 276 on reply card 


The impulse relay (type 596) is the latest 
addition to the Magnetic Devices range. 
Direct current impulses to the relay will 
alternately operate and release the spring 
set on one side of the relay, whilst the 
contacts on the other side will follow 
the armature. In the open version up to 
two change-over contacts can be sup- 
plied on each contact stack. 

Tick No 277 on reply card 


A silicon controlled rectifier is in pre- 
production at AE.I. The device is of 
p-n-p-n form, and may be regarded as 
two transistors coupled by a common 
collector junction; it is the solid-state 
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equivalent of the wyratron or the grid- 
controlled mercury-arc rectifier. It is of 
small size, and a high efficiency of oper- 
ation is claimed. Maximum rating avail- 
able is 10 A at 300 V peak inverse volt- 
age. 

Tick No 278 on reply card 

An _ instrument providing logarithmic 
attenuation of pulses before amplifica- 
tion is to be marketed this year. Con- 
stant accuracy throughout the spectrum 
and better comparison of intensities is 
claimed for the unit (model PW4073) by 
the distributors, Research and Control 
instruments. 

Tick No 279 on reply card 


Small size and low torque are two fea- 
tures claimed by Smiths Aviation Divi- 
sion for its 360-degree counter, which in- 
dicates angular rotation by three-figure 
presentation. It is claimed to be smaller 
than any other of the same type, and 
fits into a space 1-20 X 1:33 X 0.81 in. 
Half-degree divisions should make it pos- 
sible to read to an accuracy of 4°. 

Tick No 280 on reply card 


A range of square-flange moving-coil 
d.c. meters is being made by Sangamo 
Weston in three dial sizes. The basic 
range on all sizes is 25 “A f.s.d. Models 
are $219, $220, S221 and $236. 

Tick No 281 on reply card 


A v.h.f. signal generator from Airmec 
has a wide frequency range, extending 
from 1 to 320 Mc/s. Provision is made 
for modulation from internal or external 
sources, including external pulse modu- 
lation. 

Tick No 282 on reply card 


A building block (model 91) has been 
added to the range of pneumatic gauging 
equipment made by Teddington Indus- 
trial Equipment Ltd. The unit provides 
a complete pneumatic gauging circuit 
which, when necessary, can be connected 
to a size indicator. In this way a multi- 
dimensional gauging circuit can be made 
simply by building up these blocks round 
a central size indicator. 

Tick No 283 on reply card 


Research and Control Instruments Ltd. 
are marketing a Philips variable trans- 
former which has separate primary and 
secondary windings. It is available in two 
versions for bench use or for panel 
mounting. The nominal secondary cur- 
rent is 1-SA and the output rating is 
450 VA. 

Tick No 284 on reply card 





Our attention has been drawn by 
Amphenol (Great Britain) Ltd., to an 


- error in ‘ Quick Looks ’, November issue. 


A picture of one of their Borg micro- 
dials (described in the first item) was 
incorrectly shown as the window-turns 
counter of General Controls. We apolo- 
gize for any confusion that this error 
may have caused. 









INDUSTRIAL 


PUBLICATIONS 





A data sheet from Solartron describes 
their digital data recorder. 
Tick No 285 on reply card 


Beckman Instruments have a short but 
comprehensive leaflet on Helipot preci- 
sion potentiometers. 

Tick No 286 on reply card 


Also from Beckman, a data sheet shows 
turn counting dials for use with helical 
potentiometers, etc. 

Tick No 287 on reply card 


General purpose diode function generator 
is shown in a Solartron data sheet. 
Tick No 288 on reply card 


Data of an X-ray spectrometer with con- 
tinuous scan, and needing a minimum of 
calibration, from Solartron. 

Tick No 289 on reply card 


For basic training, an analogue tutor is 
briefly described by Solartron. 
Tick No 290 on reply card 


Instruments by Kent for temperature 
measurement are shown in their publi- 
cation No. 265. 

Tick No 291 on reply card 


A bulletin from N.S.F. shows printed 
circuit connectors. 
Tick No 292 on reply card 


Descriptive leaflet and data sheets (No. 
5076) from de Havilland on portable 
automatic cable tester. 

Tick No 293 on reply card 


Also from de Havilland data sheets on 
electromechanical torque motors (Publi- 
cation No. 5078). 

Tick No 294 on reply card 


Equipment for humidity control is shown 
in a twelve-page pamphlet from Negretti 
and Zambra. 

Tick No 295 on reply card 


A well illustrated general catalogue from 
Muirhead. 
Tick No 296 on reply card 


A brief description of a transistor curve 
tracer comes from de Havilland. 
Tick No 297 on reply card 


First of a quarterly series, a Review of 
Radio and Electronics, including details 
of new ranges, is issued by Siemens Edi- 
son Swan. 

Tick No 298 on reply card 
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ERMETO 






To meet the increasing demand 
for high pressure flexible hose 
and hose units, The British 
Ermeto Corporation are marketing 
a pre-swaged hose end in addition 
to the existing twin-saddle type. 
For both types a wide selection of 
end fittings are available: 90° and 
135° bends, B.S.P. male and 
female ends, captive nuts, etc., in 
addition to the straight standpipe 
end which can be used with 
standard Ermeto fittings. 

Hose can be supplied for 
hydraulic, pneumatic and steam, 
and chemical applications, in 
continuous lengths of up to 60 ft. 
Technical advice and information 
gladly supplied on request. 


ERMETO 


BRITISH ERMETO CORPORATION LTD 


HARGRAVE ROAD - MAIDENHEAD - BERKS 
TELEPHONE: MAIDENHEAD 5100 
A MEMBER OF THE ALENCO GROUP OF COMPANIES 


Tick No 103 on reply card for further details 






Rasen 


FLEXIBLE HOSE... 
now with two ranges of end fittings 
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For your bookshelf 


bee Seater alia» 


Classic for beginners 


Servomechanisms and Regulating System Design, Volume 1, 
by Harold Chestnut and Robert W. Mayer. Wiley. 1959. 
680 pp. £4 14s. 


Here is a second edition of what has come to be regarded as 
something like the classic text-book in this field. The first 
edition has been going for quite some years now, and it is 
interesting to see what the authors think has been teachably 
added to the subject. In this edition they seem to ascribe the 
greatest importance to the root locus method and analogue 
computery, since new chapters have been added on these mat- 
ters. Other changes include the use of ASA C-85 terminology, 
a revised account of error coefficients, new emphasis on load- 
ing interaction, and more material on prediction of transient 
closed-loop response from the open-loop frequency response. 
One cannot feel unhesitatingly assured that the complete 
newcomer to control design will be as well served by this 
admittedly excellent book as the blurb on the dust jacket sug- 
gests. The introductory chapter, for example, involves a degree 
of abstraction that may make it a little tough for the tyro. 
Occasionally, too, the reader stubs his toe against an unhappily 
written phrase. One instance occurs on page 597, where we 
are told that ‘it is common practice to hand, or digital com- 
puter, calculate the exact solution for a nominal condition.’ 
The mathematical treatment, as in the first edition, does begin 
at quite an early stage, and this is a distinct merit. 
E. M. JAMIESON 


Outline favourable 


Electronic Engineer's Reference Book edited by L. E. C. 
Hughes. Heywood. 1959. 1588 pp. £4 4s. 


It is a bad review that is merely an inflated list of contents, 
but sometimes I feel that not much more is possible. A con- 
scientious reviewer, faced with yet another fat work of refer- 
ence, is bound to wonder how far he is required to go. Surely 
he cannot be expected to read minutely through all this? 
If he is, and if he does the job with any thoroughness, then 
the later editions of the work will be rolling off the presses 
before he is finished. For his review to be useful—that is, in 
warning people off or encouraging them to buy—the critic 
must be quick in his assessment as well as accurate; a diffi- 
cult task to perform with justice. 

Here is a second edition of a reference book of which the 
first edition is stated to have sold out within nine months of 
publication. The major sections deal with ‘ Fundamentals ° 
(which seem to include such matters as archaeological dating 
and photo-electric greyhound-race timing), ‘ Radiations,” ‘ Elec- 
trics’ (embracing a range of subjects from electrons in metals 
to electronics in medicine), ‘ Valves,’ ‘ Materials,’ ‘ Vibrations,” 
* Computing,’ and ‘ Automatics.” 

I confess that I am not conscientious enough to read through 
the whole of this volume before writing a review. Instead | 
propose to do a little random sampling. Spontaneously, I think 
of two fields, fundamental measurement and cybernetics. What 
can I find about them in this book? Surely enough, in the sec- 
tion entitled ‘ Fundamentals,’ I discover a sub-heading ‘ Funda- 
mental Measurements.’ This is sub-divided into four parts, 
labelled respectively Temperature, Atomic and. Astronomical 
Time, Colour, and Metric System. Without anything very 
strongly in view, I turn to the last-named and find it to con- 
sist of less than two pages, partly devoted to the folly of our 
monetary units. ‘Cybernetics,’ alas, does not show up in the 
index, so I turn to the section called ‘ Automatics.’ (The list 
of contents names this section, but does not tell me on what 
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page it starts. However, I find it at last.) Here the word 
‘ cybernetics ’ emerges in the first few lines of the first page. 
The section itself has about 150 pages of quite interesting and 
well-presented material. 

Random sampling gives spot results; what is the overall im- 
pression? Generally favourable, though the reference number- 
ing is rather confusing. A.E.E. 


Ready for the worst 


Design of Transistorized Circuits for Digital Computers by 
A. I. Pressman. Chapman & Hall: London. Rider: New York. 
195%. 316 pp. £4. 


It is possible to study the logical design of digital computers 
in an abstract way, using idealized elements and mathematical 
aids such as Boolian algebra. In this way much good has come 
to the subject, since studies of this kind enable the underly- 
ing organizational problems of computer construction to be 
separated from the engineering problem of how to make 
things work. They can, however, never do more than provide 
a background for the practising engineer charged with the 
design of an actual computer; his preoccupation is with the 
characteristics of the components available to him, and with 
getting the best out of them as regards economy and speed 
of operations. Naturally the problems facing a designer de- 
pend on the type of logical element he intends to use. This 
book discusses the design of computer circuits in which tran- 
sistors and diodes are used for performing all logical opera- 
tions; other elements such as magnetic cores are not discussed. 

Although the author says that the book is intended for, 
among others, those who have no prior knowledge of either 
transistor or computer-type circuits, it is concerned very much 
with the details of engineering design and is packed full of 
quantitative information and examples of design calculations. 
The emphasis throughout is on * worst case’ design techniques, 
that is, on the design of circuits which will operate when all 


the component parameters and applied voltages are at the most 
unfavourable extremes of their tolerance ranges. 


The book will not provide light reading for those who have 

a general concern only with computer circuits, but should be 

of great interest to anyone engaged in the design of digital 
circuits either for computers or for use in control systems. 

M. V. WILKES 


Books received 


Circuit Theory of Linear Noisy Networks by H. Haus and R. Adler. 
Chapman & Hall. 1959.79 pp. £1 16s. 


Electro-Technology for National Certificate Courses by H. 
Buckingham and E. M. Price. English Universities Press. September 
1959. 361 pp. 16s. 


Programming Business Computers by D. McCracken. Chapman & 
Hall: London. John Wiley: New York. 1959. 510 pp. £4 2s. 
Servomechanisms and Regulating System Design by Harold 
Chestnut and Robert W. Mayer. Chapman & Hall: London. John 
Wiley: New York. 1959. 680 pp. £4 14s. 

The Electric Arc by J. M. Somerville. Methuen. November 1959. 
150 pp. 12s. 6d. 

Masers by Gordon Troup. Methuen & Co. Lid.: London. John 
Wiley: New York. October 1959. 168 pp. 13s. 6d. 

Microwave Data Tables by A. E. Booth. Iliffe & Sons. 1959. 61 pp. 
£1 7s. 6d. 

Facts and Figures about British Railways (1959 Edition). British 
Transport Commission. 44 pp. Free 

Summary of Proceedings at International Symposium on Electricity 
in the Tropics. 1. Climatic Conditions and Equipment by M. E. 
Thompson. The British Electrical and Allied Industries Research 
Association. 1959. 51 pp. £1 10s. 


Science in Industry—Policy for Progress by C. F. Carter and B, R. 
Williams. Oxford University Press. 186 pp. £1 1s. 


Automatic Control in Soviet Industry’. Department of Scientific & 
Industrial Research 1959. 64 pp. 


*Reviewed in this issue of CONTROL, page 102. 
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to manufacturers and suppliers 


1960 


Additional copies of this Buyers’ Guide, separately bound, can be 


purchased from Circulation Dept., 


CONTROL, price 3/6 post free. 


ADDRESS SECTION 


A 
A.C.M, ELECTRONICS LTD. 
61 Osborne Rd., London, W.3 
tel: Acorn 6931 


ADDISON ELECTRIC CO. LTD. 
Bosworth Rd, London, W.10 
tel: Ladbroke 4280 
ADEQUATE WEIGHERS LTD. "y 
Bridge Works, Sutton, Surrey tel; Vigilant 6666 
A.D.S. RELAYS LTD. 
87-89 St. John St., London, E.C.1! 
tel: Clerkenwell 3393 
ADVANCE COMPONENTS LTD. 
Roebuck Rd., Hainault, liford, Essex 
tel: Hainault 4444 
A.E.I, LTD 


33 Grosvenor Place, London, S.W.1 
tel: Belgravia 7011 
AERASPRAY ASSOCIATED LTD. 
179/213 Thimble Mill Lane, Birmingham, 7 
tel: East 1617 
AEROCONTACTS LTD. 
Gatwick Airport, Horley, Surrey 


tel: Horley 8811 
AERO TRANSFORMERS LTD. 
Radlett, Herts tel: Radlett 4921 
A.E.W. LTD. 
Imperial Works, High St., Edgware, Middx. 


tel: Edgware 5278 
AIR AUTOMATION 
26 Sharrocks St., Wolverhampton, Staffs 
tel: Wolverhampton 24579 
AIR PUMPS LTD. 


Bushey Rd., Raynes Pk, London, S.W.20 
tel: Wimbledon 9441 
AIR TRAINERS LINK LTD. 
Bicester Rd., Aylesbury, Bucks 
tel; Aylesbury 4611 
AIRCRAFT-MARINE PRODUCTS (GREAT 
BRITAIN) LTD. 
Amplo House, 87/89 Saffron Hill, E.C.1 
tel: Chancery 2902 
AIRFLOW DEVELOPMENTS LTD. 
Lancaster Rd., High Wycombe, Bucks 
tel: High Wycombe 1326 
AIRMEC LTD. 


High Wycombe, Bucks tel: High Wycombe 2060 
AIRTECH LTD. 
Haddenham, Bucks tel: Haddenham 422 
ALBERT MANN ENGINEERING CO. LTD. 
Basildon Industrial Estate, Essex 
tel: Basildon 20421 
ALEXANDER CONTROLS LTD. 
Reddicap Hill, Sutton Coldfield, Warws 
tel: Sutton Coldfield 5227 
ALFRED BULLOWS & SONS LTD. 
Long St., Walsall, Staffs tel: Wallsall 5401 
ALFRED HERBERT LTD. 
Coventry, Warwcs tel: Coventry 88781 
ALFRED IMHOF, LTD., 
Ashley Works, Cowley Mill Rd., Uxbridge, 
Middx. : Uxbridge 6231 
ALLEN WEST & CO. LTD. 
tel: Brighton 66666 


Lewes Rd., Brighton, 7 
ALLIED ELECTRONICS LTD. 
28 Upper Richmond Rd., Putney, London, S.W.15 
tel: Vandyke 1356 
ALMA COMPONENTS LTD. 
551 Holloway Rd., London, N.19 
tel: Archway 0014 


ALTO INSTRUMENTS (GREAT BRITAIN) LTD. 
Maxwell House, Arundel St., Strand, London, 
W.C2 tel: Temple bar 3721 

AMPEX ELECTRONICS LTD. 

—— Industrial Estate, Whitley Kiln, Reading, 
Berks tel: Reading 84366 
AMPHENOL (GREAT BRITAIN) LTD. 
Victoria Rd., Burgess Hill, Sussex 
tel: Burgess Hill 85616 
AMPLIVOX LTD. 
Beresford Av., Wembiey, Middx. 
tel: Wembley 8991 

ANALYTICAL MEASUREMENTS LTD. 

Dome Bidgs, The Quadrant, Richmond, Surrey 
tel: Richmond 3392 
ANDEC LTD, 


Bennet Rd., Reading tel: Reading 82401 
ANDERS ELECTRONICS LTD. 
103 Hampstead Rd., London, N.W.1 


tel: Euston 1639 
ANDREW FRASER & CO. LTD. 


29 Buckingham Gate, London, S.W.1 
tel: Victoria 6736 
a -pnmeraaee VULCANIZED FIBRE CO. 


eas Works, Bath St., London, E.C.1 


tel: Clerkenwell 3271 
APPLEBY & IRELAND LTD. 
Kempshott Pk, Basingstoke, Hants 
tel: prep 2510 
A.P.T, ELECTRONIC INDUSTRIES L 
Chertsey Rd., Byfleet, Surrey tel: Byfleet 4411 
ARCOLECTRIC (SWITCHES) LTD. 
Central Av, West Molesey, Surrey 
tel: Molesey 4336 
ARDENTE ACOUSTIC LABORATORIES LTD. 
8/12 Minerva Rd., London, N.W.10 
tel: Elgar 3923 
ARDLEIGH ENGINEERING LTD. 
Standard Ironworks, Port Lane, Colchester, Essex 


tel: Colchester 3209 

ARIEL SOUND LTD. 

North London Iron Works, Wenlock Rd., 

London, N.1 tel: Clerkenwell 7181 
ARMSTRONG-WHITWORTH EQUIPMENT 

Mucclecote, Glos. tel: a 67011 
ARROW ELECTRIC SWITCHES L 

Hanger Lane, London, W.5 tel: sats 4451 
ASQUITH ELECTRIC (COLNE) LTD 

Walton St., Coline, Lancs tel: Colne 1394 
ASSOCIATED TRANSISTORS LTD. 

Stonefield Way, South Ruislip, Middx 


tel: Ruislip 7148 
ASTRAL SWITCHGEAR LTD. 
Alma Rd., Enfield, Middx. tel: Howard 2033 
ATKINS, ROBERTSON & WHITEFORD LTD. 
Industrial Estate, Thornliebank, Glasgow 
tel: Giffnock 1031 
ATLAS COPCO (GREAT BRITAIN) LTD. 
Maylands Av., Hemel Hempstead, Herts. 


tel: Boxmoor 6040 
AUSTINLITE LTD. 
28 St. James's Sq., London, S.W.1 
tel; Trafalgar 1954 
AUTO-KLEAN STRAINERS LTD. 
Lascar Works, Staines Rd., Hounslow, Middx. 
tel: Hounslow 7722 
AUTOMA ENGINEERING GROUP LTD. 
Cherry Tree Rise, Buckhurst Hill, Essex 
tel: Buckhurst Hill 8833 


AUTOMATION CONSULTANTS 
60 Bullsmoor Lane, Enfield, Middx. 
tel: Waltham Cross 25052 
APT eenrie SYSTEMS AND CONTROLS 


TD. 
176 High Rd., Bushey Heath, Herts 


tel: Bushey Heath 2411 
oa TELEPHONE & ELECTRIC CO. 


Strowger House, Arundel St., London, W.C.2. 


tel: Temple Bar 4506 
AUTOPHONE LTD. 
73 Great Peter St., London, S.W.1 
tel: Abbey 6242 
AUTRONIC DEVELOPMENTS LTD. 
Crawley Rd., Newport Pagnell, Bucks. 


tel: Newport Pagnell 401 
AVELEY ELECTRIC LTD. 


15 Ayrton Rd., Aveley Industrial Estate, South 


Ockenden, Essex tel: South Ockenden 3444 
AVERY-HARDOLL LTD. 


Oakcroft Rd., Chessington, Surrey 


tel: Elmbridge 5221 
AVICA EQUIPMENT LTD. 
Mark Rd., Hemel Hempstead, Herts 
tel: Boxmoor 4711 


tel; Taunton 3634 


92/6 Vauxhall Bridge Rd., haute, S.W.1 
: Victoria 3404 


B 
BAILEY & CO. LTD., SIR W. H. 
Albion Works, Patricroft, Manchester 


tel: Eccles 3487 
BAILEY & MACKEY LTD. 
Baltimore Rd., Birmingham, 22b 
tel: Great Barr 1732 
BAILEY METERS & CONTROLS LTD, 
Purley Way, Croydon, Surrey tel: Croydon 4191 
BAIRD & TATLOCK (LONDON) LTD. 
Freshwater Rd., Chadwell Heath, Essex 
tel: Seven Kings 6081 
BALDWIN INDUSTRIAL CONTROLS 
Brooklands Works, Dartford, Kent 


tel: Dartford 6411 
BAMFORD & CO. LTD., F. 
Ajax Works, Stockport, Cheshire 
tel: Stockport 6507 
B. & K. LABORATORIES LTD. 
4 Tilney St., Park Lane, London, W.1 


tel: Grosvenor 4567 
B. & P. SWIFT LTD. 
Century Works, Lewisham, London, S.E.13 


tel: Tideway 1271 
B. & R. RELAYS LTD. 
Temple Fields, Harlow, Essex tel: Harlow 25231 
BATY & CO. LTD., J. E. 
Burgess Hill, Sussex tel: Burgess Hill 85621 
BAYHAM LTD. 
12 Lower Grosvenor Place, London, S.W.1 
tel; Victoria 0671 
BECKMAN INSTRUMENTS LTD. 
P.O. Box 1, Glenrothes, Fife tel: Glenrothes 551 
BELCLERE CO., THE 
171 Cowley Rd., Oxford 
BELLING & LEE LTD. 


Great Cambridge Rd., Enfield, Middx. 
tel: Enfield 3322 


tel: Oxford 43431 

















































































































































































te 


aE & STANLEY LTD. 
1 Hornsey Rise, London, ~— 
: Archway 2270 
BELL PRECISION ENGINEERING co. LTD. 
Victoria Works, High St., Crawiey, 


Sussex 
tel: Crawley 25757 
BENSON-LEHNER (G.B.) LTD. 
West Quay Rd., Southampton, Hane 
tel: Southampton 27831 
BENTON & STONE LTD. 
Aston Brook St., Birmingham, 6 
tel: Aston Cross 1905 
BIRCH & CO. LTD., H. A. 
Wood St., Willenhall, Staffs tel: Willenhall 494 
BIRFIELD INDUSTRIES LTD. 
Stratford House, Stratford Place, London, W.1 
tel; Grosvenor 7090 
BIRLEC LTD. 


Tyourn Rd., Erdington, Birmingham, 24 


tel: East 1544 
BIVAC AIR CO. LTD. 
Bechive Works, Marsiand St., Portwood, Stock- 
port, Ches. tel: Stock port 3468 
BLACK AUTOMATIC CONTROLS LTD. 
Leaficld, Corsham, Wilts. tel: Hawthorn 136 
BL ACKBURN ELECTRONICS LTD. 
Brough, Yorks tel: Brough 121 
BLAKEBOROUGH & SONS LTD., J. 
Springfield Works, Greetland, nr. Halifax, Yorks 
tel: Elland 3391 
B.M.B. (SALES) LTD. 
Boscobel, High St., Crawley, Sussex 
tel: Crawley 1030 
BOULTON PAUL AIRCRAFT LTD. 
Wolverhampton, Staffs tel: Fordhouses 3191 
BRADLEY LTD., G. & E. 
Electral House, Neasden Lane, London, N.W.10 


tel: Gladstone 0012 
BRADMATIC LTD. 
10 Station Rd., Aston, Birmingham, 6 


tel: East 2881 
BRAY LTD., E. N. 
Control Gear Works, Britannia Rd., Waltham 
Cross, Herts tel: Waltham Cross 22212 
BRIBOND LTD. 
Burgess Hill, Sussex tel: Burgess Hill 85611 
BRISTOL'S INSTRUMENT COMPANY, 
Century Works, Lewisham, London, S.E.13 
tel: Tideway 1271 
BRITISH ARCA REGULATORS LTD. 
Sissons Rd., Gloucester tel: Gloucester 24901 
BRITISH CENTRAL ELECTRICAL CO. LTD. 
Briticent House, 6/8 Rosebery Av., London, 
E.C.1 tel: Terminus 3666 
BRITISH DRIVER-HARRIS CO, LTD. 
Bird Hall Lane, Cheadle Heath, Stockport, Ches. 
tel: Gatley 6661 
BRITISH ELECTRIC RESISTANCE CO. LTD., 
THE 
Queensway, Enfield, Middx. tel: Howard 2411 
BRITISH FEDERAL WELDER & MACHINE 
Co. LTD. 
Castle Mill Works, Dudley, Worcs. 
t 


el: Dudley 54701 
BRITISH FILTERS LTD. 
Old Court, Cox Green, Maidenhead, Berks. 
tel: Maidenhead 4144 
oe INSULATED CALLENDER'S CABLES 
LT 


London, W.C.1 
tel: Museum 1600 

BRITISH KLOCKNER SWITCHGEAR LTD. 

Guildford St., Chertsey, Surrey tel: Chertsey 2067 
BRITISH PHYSICAL LABORATORIES 

Radiett, Herts. tel; Radlett 5674 
BRITISH ROTOTHERM CO. LTD., THE 

Merton Abbey, London, S.W.19 


tel: Liberty 7661 
BRITISH SARAZOL LTD. 
22 Berners St., London, W.1 


21 Gan St., 


tel: Langham 9351 
BRITISH STEAM SPECIALITIES LTD. 
Fleet St., Leicester tel: Leicester 20885 
BRITISH UNIVERSAL E.M.E. LTD. 
36 Victoria St., London, S.W.1 tel: Abbey 5457 
BROOKHIRST IGRANIC LTD. 
Bedford Works, Elston Rd., Bedford 


tel: Bedford 66261 
BROOK MOTORS LTD. 
Empress Works, Huddersficld, Yorks 
tel: Huddersfield 6400 
BROWN LTD., S. G. 


Shakespeare St., Watford, Herts 
tel: Watford 27241 
BRUCE PEEBLES & CO. LTD. 


Edinburgh, 5 tel: Granton 85201 
BRUSH CRYSTAL CO. LTD. 
Hythe, Southampton tel: Hythe 3031 


— ELECTRICAL ENGINEERING CO. 
T 

Loughborough, Leics. tel: Loughborough 3131 
BRYAN DONKIN CO. LTD., THE 

Chesterfield, Derbyshire tel: Chesterfield 3153 
BRYANS AEROQUIPMENT LTD. 

15 Wilow Lane, Mitcham, Surrey 


tel; Mitcham 5134 
BRYAN SAVAGE LTD., W. 


17 Stratton St., London, W.1 


B.S.A. (TOOLS DIVISION) 
Mackadown Lanc, Birmingham 33 


tel: Stechford 3071 
BUDENBERG GAUGE CO. LTD. 


Broadheath, Altrincham, Cheshire 


tel: Altrincham 2617 
BULGIN & CO. LTD., A. F. 
By-Pass Rd., Barking, Essex tel: Rippleway 5588 
BURGESS PRODUCTS Co. LTD. 
Micro Switch Division 
Dukes Way, Team Valley, Gateshead, 11 
tel: Low Fell 75322 
BURRELL & CO. LTD., A. G. 


Timer Works, Thomas St., Sheffield, 1 

tel: Sheffield 25435 

BURROUGHS ADDING MACHINE LTD. 
356/366 Oxford St., London, W.1. 


tel: Hyde Park 9861 


tel: Grosvenor 1926 








BUSH, BEACH & SEGNER BAYLEY LTD. 
St. James’ House, 44 Brazennose St., Manches- 
ter, 2 tel: Deansgate 5134 


Cc 


CAMBRIDGE INSTRUMENT CO. LTD. 
13 Grosvenor Place, London, S.W.1 
tel: Belgravia 5066 
C. & N, (ELECTRICAL) LTD. 
The Green, Gosport, Hants. tel: Gosport 80221 
CARTER & CO. LTD., B. & F. 
Bolton 4344 


Albion Works, Bolton, Lancs tel: 
CATHODEON LTD. 
Church St., Cambridge tel; Cambridge 56481 
CATTERMOLE & CO. LTD., H. S. 
Feckenham Rd., Astwood Bank, nr. Redditch, 
Worcs. tel: Astwood Bank 142 
CAWKELL RESEARCH & ELECTRONICS LTD. 
Scotts Rd., Southall, Middx. tel: Southall 5881 
CEMENTATION (MUFFELITE) LTD. 
20 Albert Embankment, London, S.E.11 
tel: Reliant 6556 
CHAMBERLAIN INDUSTRIES LTD. 
Staffa Rd., London, E.10 tel: Leyton 3678 
CHELTENHAM AUTO CONTROLS LTD. 
indsor St., Cheltenham tel: Cheltenham 5805 
CHILTON ELECTRIC PRODUCTS LTD. 
Hungerford, Berks tel: Hungerford 237 
CITENCO LTD. 
Manor Way, Boreham Wood, Herts. 
tel: Elstree 3666 
CJ.R. ELECTRICAL & ELECTRONIC DE- 
VELOPMENTS LTD. 
Bickford Rd., paaiegam, 6 tel: East 0822 
-c 


70 Dudden Hill Lane, London, N.W.10 


tel: Willesden 5141 
CLAUDE LYONS LTD. 
Valicey Works, Ware Rd., Hoddesdon, Herts 


tel: Hoddesdon 4541 
CLIVE COURTENAY & CO. LTD. 


5 Horsham Rd., Dorking, Surrey 


tel: Dorking 3720 
C.N.S. INSTRUMENTS LTD. 
61 Holmes Rd., London, N.W.5 


tel: Gulliver 2418 
COCKBURNS LTD. 
Clydesdale Engineering Works, Cardonald, Glas- 


gow, S.W.2 tel: Govan 2416 
COLE (OVERSEAS) LTD., R. H. 
2 Caxton St., London, S.w.1 tel: Abbey 3061 


COLEY THERMOMETERS LTD. 
2 London Rd., Brentford, Middx. 


tel: Isleworth 4232 
COLVERN LTD. 
Spring Gardens, Romford, Essex 
tel: Romford 62222 
COMBUSTION INSTRUMENTS 
61 Belsize Lane, London, N.W.3 
tel: Swiss Cottage 4462 
CONSOLIDATED PNEUMATIC TOOL CO. LTD. 
232 Dawes Rd., London, S.W.6 tel: Fulham 7722 
CONTINENTAL CONNECTOR DIVISION 
Ultra Electric Lid., Western Av., Acton, London, 
w.3 tel: Acorn 4404 
COOPER & CO. eee LTD. 
Brynmawr, Breconshire : Brynmawr 312 
CORREX COMMUNICATIONS * EQUIPMENT 
(1948) LTD. 
Phoenix Works, The Hyde, Hendon, London, 
N.W.9 tel: Colindale 7243 
COSSOR INSTRUMENTS LTD. 
Cossor House, Highbury Grove, London, N.5 
tel: Canonbury 1234 
COUNTING INSTRUMENTS LTD. 
5 Elstree Way, Boreham Wood, Herts 


tel; Elstree 1382 
COVENTRY CONTROLS LTD. 
Godiva House, 49 Allesicy Old Rd., Coventry 


tel: Coventry 72055 
COX-WALKERS LTD. 
North-Eastern Electric Works, Feethams, Dar- 


lington tel: Feethams 66277 
CRAIG & DERRICOTT LTD. 

Royal Works, Coleshill St., Sutton Coldfield, 

Birmingham tel: Sutton Coldfield 2547 


CRATER PRODUCTS LTD. 
Lower Guildford Rd., Knaphill, Woking, Surrey 


tel: Brookwood 2571 
CRAVEN ELECTRONICS LTD. 
212 Manningham Lane, Bradford, 8 


tel: Bradford 29654 
CREED & CO. LTD. 
Telegraph House, Croydon, Surrey 
tel: Municipal 2424 
CRESSALL MANUFACTURING CO. LTD., THE 
Eclipse Works, Tower St., Birmingham, 19 


tel: Aston Cross 2666 
CROFTS (ENGINEERS) LTD. 


Thornbury, Bradford, 3, Yorks tel: Bradford 65251 
CROMPTON PARKINSON LTD. 
Crompton House, Aldwych, London, W.C.2 
tel: Chancery 3333 
CROSBY VALVE & ENGINEERING CO. LTD. 
Crosby Works, Ealing Rd., Wembiey, Middx. 


tel: Alperton 2311 
CROYDON ENGINEERING CO. LTD., THE 
Commerce Way, Purley Way, Croydon, Surrey 
tel: Croydon 4125 
CROYDON PRECISION INSTRUMENT CO. 
Hampton Rd., West Croydon, 


Surrey 
tel: Thornton Heath 4025 
C.W.C. EQUIPMENT LTD. 


Acorn Works, Kings Grove, Maidenhead, Berks. 
tel: Maidenhead 2275 


D 


DALLOW LAMBERT & CO. LTD. 

Thurmaston, Leicester tel: Syston 3333 
DANFOSS MFG. CO. 

13 Queensway, London, W.2 tel: Bayswater 1633 
DARTON & CO. LTD., F. 

Watford Fields, Watford, Herts 


tel: Watford 6019 
DARWINS LTD. 


Fitzwilliam Works, Tinsley, ——-. 9 
: Sheffield 49049 


'DISTILLERS CO. LTD., THE 


DATA secon® ee co. LTD. 
33 Woodthorpe Rd ne 
* Achtord 4588 


DATUM METAL PRODUCTS LID: 
Coline we Trading Estate, Watford By-Pass 
Watford, Herts tel: Watford 26566 
DAVALL GEAR CO. LTD. 


Gear Works, High St., Potters Bar, Middx 


tel: Potters Bar 2382 
DAVID HARCOURT LTD. 
ro Works, 917 Coventry Rd., Birmingham, 
tel: Victoria 4941 
DAVIDSON & CO, LTD. 
Sirocco Engineering Works, a 
Belfast 57251 
DAVY & UNITED INSTRUMENTS LTD 
Darnall Works, Shefficid, tel: Sheffield 4997 
DAWE INSTRUMENTS rp. 
99 Uxbridge Rd., Ealing, London, W.5 


tel: Ealing 
DAWSON McDONALD & DAWSON LTD, 
Compton Works, Ashbourne, 


DECCA RADAR LTD. 


6215 


Derby 
tel: Ashbourne 113 


Decca House, 9 Albert a, London, 

S.B.11 Reliance 8111 
DE HAVILLAND PROPELLERS. LTD 

Hatfield, Lierts tel: Hatfield 2300 
DELTA Le > ig SERVICES LTD. 

Cowleaze Rd., Kingston, — 


: Kingston 9568 

D.E.V. ENGINEERING pinot LTD. 
299 Chapteltown Rd., 7 wel: Leeds 49C19 
DEVON INSTRUMENTS L S LTD. 
Glove Hall Works, Topsham, = Exeter, Devon 


: Topsham 3547 
DEWHURST & PARTNER LID 
Inverness Works, 


Mi 
DEWRANCE & CO. LTD. 
Great Dover St., London, S.E.1. tel: Hop 3100 
* DIAMOND H ’° SWITCHES LTD. 
Gunnersbury Av., Chiswick, London, W.4 


tel: Chiswick 6444 
DICK LTD., R. & J. 
Greenhead Works, Glasgow, . zm 


: Bridgeton 2344 
DIGITAL ENGINEERING CO. TID 
136 Battersea Park Rd., London, S.W.11 
tel: Macaulay 5217 


Great Burgh, Epsom, —. 
: Burgh Heath 741 


DOBB!IE McINNES (ELECTRONICS) LTD. 
55 Kelvin Av., Glasgow, —, 
: Halfway 3364 


DONOVAN ELECTRICAL CO, ‘Tip. THE 
70-82 Granville St., Birmingham, 1 
tel: Midland 5683 
DORAN INSTRUMENT CO. LTD. 
Parklands, Stroud, Glos tel: Stroud 462 
DOULTON INDUSTRIAL PORCELAINS LTD. 
Wilnecote, Tamworth, Staffs. tel: Tamworth 113 
DOWTY EQUIPMENT LTD. 
Arle Court, Cheltenham, Glos 
tel: Cheltenham 53471 
DOWTY FUEL SYSTEMS LTD. 
Arle Court, Cheltenham, = 
: Speeeatom 53471 


DOWTY HYDRAULIC UNITS LTD 
Ashchurch, Tewkesbury, Glos 
tel: Tewkesbury 2271 
DOWTY NUCLEONICS LTD. 
Brockhampton Park, Andoversford, Glos 


tel: Andoversford 391 
DOWTY SEALS LTD. 
Ashchurch, Tewkesbury, Glos. 


tel: Tewkesbury 2271 
D.P. BATTERY CO. LTD., THE 
Bakewell, Derbyshire tel: Bakewell 581 
DRALLIM INDUSTRIES LTD. 
Station Works, ne Rd., Upper Warling- 
ham, Surrey Upper * Warlingham 2873 
Deas ion REGULATOR & INSTRUMENT 


West Drayton, Middx . tel: West Drayton 4012 
DUNLOP RUBBER CO. LTD. 
Foleshill, Coventry tel: Coventry 88733 
DYNATRON RADIO LTD. 
Nucleonics & Electronic Dept. 
St. Peter’s Rd., Furze Platt, Maidenhead, Berks 
tel: Maidenhead 5151 
E 


EDWARDS HIGH VACUUM LTD. 

Manor Royal, Crawley, Surrey tel: Crawley 1500 
EKCO ELECTRONICS LTD. 

Ekco Works, Southend-on-Sea, Essex 


tel: Southend 49491 
ELCONTROL LTD. 
Wilbury Way, Hitchin, Herts tel: Hitchin 2411 
ELECTRAN COIL CO. LTD. 
Lount Works, eI Leics 
: Ashby 422 
ELECTRICAL APPARATUS CO. tb. THE 
New Barnes Av., St. Albans, Herts 
tel: St. Albans 54461 
ELECTRICAL REMOTE CONTROL CO. LTD. 
The Fairway, Bush Fair, Harlow, Essex 
tel: Harlow 24032 
ELECTRICAL STEAM & MINING EQUIPMENT 
(LONDON) LTD. 
Coronation Rd., Basingstoke, Hants 
tel: Basingstoke 2345 
ELECTRICAL THERMOMETER CO. LTD., THE 
1 Stroud Green Rd., London, N.4 
tel: Archway 4267 
ELECTROFLO METERS CO. LTD. 
Abbey Rd., London, N.W.10 tel: Elgar 7641 
ELECTRO-HYDRAULICS LTD. 
Liverpool Rd., Warrington, Lancs 
tel: au 35241 


ELECTRO-MAGNETIC CONTRO 
5a Goldsmith Road, Leyton, poeees. E.10 


ELECTROMATION LTD. 
The Tower, 140 Raby St., Manchester 14 
tel: Moss Side 4363 
ELECTRO MECHANICAL MFG. CO. LTD. 
Scarborough, Yorks tel: Scarborough 2715 





sere 





ELECTRO-MECHANICAL SYSTEMS LTD. 
Faggs Rd., Feltham, Middx tel: Feltham 5091 
ELECTRO METHODS LTD. 
Caxton Way, Stevenage, Herts 
tel: Stevenage 2110 
ELECTRONIC ASSOCIATES LTD. 
Victoria Rd., Burgess Hill, Sussex 
tel: Burgess Hill 2636 
ELECTRONIC COMPONENTS 
Weedon Rd., Industrial Estate, Northampton 
tel: Northampton 2467 
ELECTRONIC SWITCHGEAR (LONDON) LTD. 
Works Rd., Letchworth, Herts 
tel: Letchworth 1853 
ELECTROTECHNIC (NORTHERN) LTD. 
Heriot House, Summerhill Terrace, Newcastle-on- 
Tyne, 4 tel: Newcastle-on-Tyne 26351 
ELECTROTHERMAL ENGINEERING LTD. 
270 Neville Rd., London, E.7 
tel: Granrgewood 9911 
ELECTROWEIGHERS (BIRMINGHAM) LTD. 
Moseley St., Birmingham, 12 
tel: Victoria 2223 
ELGA PRODUCTS LTD. : 
Lane End, Bucks tel: Lane End 396 
ELLAY TUBES LTD. 
Cox Green Works, Maidenhead. Berks 
tel: Maidenhead 3303 
FLLIOTT BROTHERS (LONDON) LTD. 
Century Works, Lewisham, London. S.E.13 
tel: Tideway 1271 
ELLIOTT NUCLEONICS LTD. 
Century Works, Lewisham, London, S.E.13 


tel: Tideway 1271 
EMI ELECTRONICS LTD. 
Hayes, Middx tel: Southall 2468 
EMO INSTRUMENTATION LTD. 
Western Rd.. Bracknell, Berks tel: Bracknell 675 
ENGEL & GIBBS LTD. 
Warwick Rd., Borehamwood, Herts 
tel: Elstree 2291 
ENGELHARD INDUSTRIES LTD. 
Baker Platinum Division 
$2 High Holborn, London, W.C.1 
tel: Chancery 8711 
ENGELHARD INDUSTRIES LTD. 
Hanovia Lamps Division 
Bath Rd., Sloueh. Bucks tel: Burnham 500 
ENGLISH FLECTRIC CO. LTD. 
Marconi House, Strand, London, W.C.1 
tel: Covent 1234 
ENGLISH ELECTRIC VALVE CO. LTD., THE 
Waterhouse Lane, Chelmsford, Essex 
tel: Chelmsford 3491 
ENGLISH NUMBERING MACHINES LTD. 
Queensway. Enfield, Middx tel: Howard 261! 
EPSYLON INDUSTRIES LTD. 
Fages Rd., Feltham, Middlesex tel: Feltham 5091 
ERICSSON TELEPHONES LTD. 
Instrument Division 
High Church St., New Basford, Nottingham 


tel: Nottingham 75115 
ERIE RESISTOR LTD. 
1 Heddon St., London, W.1 tel: Regent 6432 
ERNEST TURNER ELECTRICAL INSTRU- 
MENTS LTD. 
Chiltern Works, High Wycombe, Bucks 
tel: High Wycombe 1301 
ETHER LTD. 


Caxton Way, Stevenage, Herts 
tel: Stevenage 2110 
EVANS ELECTRONIC DEVELOPMENTS LTD 
Evonic Works, Shady Lane, Birmingham, 22a 
tel: Great Barr 1764 
EVANS ELECTROSELENTUM LTD. 
St. Andrews’ Works, Colchester Rd., Halstead, 
Essex tel: Halstead 2461 
EVERETT, EDGCUMBE & CO. LTD. 
Colindale Works, London, N.W.9 
tel: Colindale 6045 
EVERSHED & VIGNOLES LTD. 
Acton Lane Works, Chiswick, W.4 


tel: Chiswick 3670 
EXACTOR LTD. 
Exactor Works, Church Way, Edgware, Middx 
tel: Edgware 0071 
EXPANDED RUBBER CO., LTD. 
675 Mitcham Rd., —— Surrey 
: Thornton Heath 3622 
ExeRees TRANSFORMERS & CONTROLS 


i446 Beddington Lane, Sa. Surrey 
: Thornton Heath 2443 


F 
FARNELL INSTRUMENTS LTD. 
me Industrial Estate, York Rd., Wetherby, 


orks tel: Wetherby 2691 
FAIREY LTD. 


24 Bruton St., London, W.1 tel: Mayfair 1624 
FAWCETT, PRESTON & CO. LTD. 
Dock Rd., Bramborough, Cheshire 


tel: Rock Ferry 2201 
FEEDBACK LTD. 
1 The Broadway, Crowborough, Sussex 
tel: Crowborough 3566 
FEENY & JOHNSON LTD. 
134 Ealing Rd., Wembiey, Middx 


tel: Wembley 4801 
FERRANTI LTD. 
Hollinwood, Lancs tel: Failsworth 2000 


FIELDEN ELECTRONICS LTD. 
Paston Rd., Wythenshawe, Manchester, 22 
tel: Wythenshawe 3251 
FILMS & EQUIPMENTS LTD. 
138 Wardour St., London, W.1 
tel: Gerrard 6711 
FIREYE CONTROLS CO. LTD. 
14 Fetter Lane, London, E.C.4 
tel: Ficet Street 6671 
FIRTH CLEVELAND INSTRUMENTS LTD. 
Treforest Industrial Estate, — Pontypridd, 


Glamorgan : Treforest 2211 
FISCHER BEARINGS CO. LID 
Upper Villiers St., Wolverhampton 
tel: Wolverhampton 26101 
FISCHER & PORTER LTD. 
Salterbeck Trading Estate, Workington, Cumber- 
land tel: Harrington 333 


FISHER GOVERNOR CO. LTD. 
Airport Works, Rochester, Kent 
tel: Chatham 44400 
FLEMING RADIO (DEVELOPMENTS) LTD. 
Caxton Way, Stevenage, Herts tel: Stevenage 804 
FLIGHT REFUELLING LTD. 
Tarrant Rushton Airfield, Nr. Blandford, Dorset 


tel: Blandford 501 
FORTIPHONE LTD. 
Transformer Division 
92 Middlesex St., London, E.1 
tel: Bishopsgate 0871 
FOSTER INSTRUMENT CO. LTD. 
Pixmore Av., Letchworth, Herts 
tel: Letchworth 985 
FOSTER TRANSFORMERS LTD. 
South Wimbledon, London, S.W.19 
tel: Liberty 2211 


Redhill, Surrev tel: Redhill 5000 
FOX LTD.., P. X. 
Hawksworth Rd., Horsforth, Leeds, Yorks 
tel: Horsforth 2831 
FRACTIONAL HP MOTORS LTD. 
West Heath Works, Rookery Way, London. 
N.W.9 tel: Colindale 8022 
FRED FERRARIS (CLERKENWELL) LTD. 
18a Northampton Sq., London. E.C.1 
tel: Clerkenwell 2676 
FRIGIDAIRR 


Stag Lane, Kingsbury, London, N.W.9 
tel: Colindale 6541 
FUEL EFFICIENCY CO. LTD. 
20 Upper Ground, London, S.E.1 


tel: Waterloo 4136 
FULLER ELECTRIC LTD. 
Fulbourne Rd., London, E.17 
tel: Larkswood 2350 
FURZEHILL LABORATORIES LTD. 
57 Clarendon Rd., Watford, Herts 
tel: Watford 34686 
G 


GALLENKAMP & CO. LTD., A. 

Sun St., London. E.C.2 tel: Bishopsgate 0651 
GAMBRELL BROS. & CO. LTD. 

105-7 Lansdowne Rd, Croydon. Surrey 


tel: Croydon 8282 
GARDNERS RADIO LTD. 
Somerford, Christchurch, Hants 


tel: Christchurch 1734 
GEAR GRINDING CO. LTD., E 
Cranmore Boulevard, Shirley, Solihull 


tel: Shirley 2231 
GENERAL CONTROLS LTD. 
& Bowlers Croft, Honywood Rd, Basildon, 
issex 
SENERAL ELECTRIC CO. LTD., THE 
Magnet Ho., Kingsway, London, W.C.2 
tel: Temple Bar 8000 
GENERAL RADIOLOGICAL LTD. 
15 Clipstone St., London, W.1 


‘FOXBORO-YOXALL LTD. 


tel: Museum 5080 


GEORGE ANGUS & CO. LTD. 
Angus House, Westgate Rd., Newcastle on Tyne 


tel: Newcastle 22656 
GEORGE ELLISON LTD. 
Perry Barr, Birmingham, 22B tel: Birchfield 4562 
GEORGE H. HUGHES LTD. 
Edgemond Av., Birmingham, 24 


tel: Ashfield 1183 
GEORGE KENT LTD. 
Biscot Rd., Luton, Beds tel: Luton 2440 
GEORGE SALTER & CO. LTD. 
West Bromwich, Staffs tel: West Bromwich 1855 
GEORGE GOODMAN LTD. 
Robin Hood Lane, Hall Green, Birmingham, 28 


tel: Shirley 4491 
GTESLER LTD., C. F. R. 
River P1., Essex Rd., London, N.1 
tel: Canonbury 5604 
GILBARCO LTD. 


740 High Rd., Tottenham, London, N.17 
tel: Tottenham 5371 
GILMOOR CONTROL SYSTEMS LTD 


Electrofio Building, Abbey Rd., Park Royal. 

London, N.W.10 tel: Elgar 2536 
GIRDLESTONE PUMPS LTD. 

Woodbridge, Suffolk tel: Woodbridge 660 


GLASS DEVELOPMENTS LTD. 
Sudbourne Rd., Brixton Hill, London, S.W.2 
tel: Brixton 4041 
GLOBE PNEUMATIC ENGINEERING CO. LTD. 
Ashton Rd., Harold Hill, Romford, Essex 
tel: Ingrebourne 43851 
GOODMANS INDUSTRIES LTD. 
Axiom Works, Lancelot Rd., Wembley, Middx 
tel: Wembley 1200 
GRASEBY INSTRUMENTS LTD. 
Kingston By-Pass Rd., Tolworth, Surrey 


tel: Elmbridge 5742 
GRATON & KNIGHT LTD. 
Warwick Rd., Boreham Wood, Herts 
tel: Elstree 1785 
GRESHAM DEVELOPMENTS LTD. 
Gresham Ho., Twickenham Rd., Feltham, Middx 
tel: Feltham 2271 
GRESHAM TRANSFORMERS LTD. 
Twickenham Rd., Hanworth, Middx. 


tel: Feltham 2271 
GRIFFIN & GEORGE LTD. 
Ealing Rd., Alperton, Wembley, Middx 
tel: Perivale 3344 
CT INDUSTRIAL DEVELOPMENTS 
14 Oriental St., London, E.14 tel: East 4879 
GUYSON INDUSTRIAL EQUIPMENT LTD. 


North Av., Otley, Yorks tel: Otley 2456 
H 

SACKERIDGS & HEWITTIC ELECTRIC CO. 

ieee tel: Walton 28833 


HADDON TRANSFORMERS LTD 
Field End Rd., Victoria Park Industrial Estate, 


Ruislip, Middx’ : Byron 9444 
HALL & HALL LTD. 


Oldfield Works, Hampton, Middx 
tel: Molesey 2180 


HALLAM, SLEIGH & CHESTON LTD. 
Bagot St., Birmingham, 4 


HAMWORTHY ENGINEERING LTD. 
Fleets Corner, Poole, Dorset tel: Poole 2020 
H AND B PRECISION ——— 
Station Estate, Watford, Herts 
” i Watford 26259 
HARRIS ENGINEERING CO. 
York Works, Browning St., London, S.E.17 
: Rodney 7841 
HARTLEY ELECTROMOTIVES TD. 
Octupus Works, Monkmoor, Shrewsbury, Shrop 
tel: Shrewsbury 6343 
HASLER TELEGRAPH WORKS LTD. 
26 Victoria St., London, S.W.1 tel: Abbey 7575 
HARVEY ELECTRONICS LTD. 
Farnborough Rd., Farnborough, Hants 
tel: Farnborough 1120 
HATFIELD INSTRUMENTS LTD. 
Crawley Rd., Horsham, Sussex 
tel: Horsham 3232 
naween SIDDELEY NUCLEAR POWER CO. 


Sutton Lane, Langley, Bucks tel: Slough 24451 
HAWLEY PRODUCTS LTD. 

Garman Rd., Park Estate, Tottenham, London. 

N.17 tel: Tottenham 3262 
HEADLAND ENGINEERING DEVELOPMENTS 

LTD. 

45 Lower Marsh, London, S.E.1 

tel: Waterloo 7752 

HEATON & CO. (VALVES) LTD., A. 

Livingstone Valve Works, Bradford Rd., Bris- 

house, Yorks tel: Brighouse 1780 
HEC COMPRESSORS & ENGINES LTD. 

Levis Works, Stechford, Birmingham, 33 


tel: Stechford 2238 
HELLERMANN LTD. 
Crawiey, Sussex tel: Crawley 2000 
HENDREY RELAYS LTD. 
392 Bath Rd., Slough, Bucks tel: Burnham 609 
HEENAN & FROUDE LTD. 
Worcester Engineering Works, Worcester 
tel: Worcester 23461 
HENRY BEAKBANE (FORTOX) LTD. 
The Tannery, Stourport-on-Severn, Worcs 
tel: Stourport 2017 
HIGH PRECISION EQUIPMENT LTD. 
Denbigh Rd., Bletchley, Bucks 
tel: Bletchley 3403 
HIGH PRESSURE COMPONENTS LTD. 
Cotham Mill Rd., West Drayton, Middx. 
tel: West Drayton 2226 


tel: Aston Cross 0914 GUIDE 


HILGER & WATTS LTD. 
98 St. Pancras Way, London, N.W.1 


tel: Gulliver 5636 
HIRST ELECTRONICS LTD. 
Gatwick Rd., Crawley, Sussex 
tel: Crawley 25721 
HIVAC LTD. 


Stonefield Way, Victoria Rd., South Ruislip, 


Middx. tel: Ruislip 3366 
H.M.L. (ENGINEERING) LTD. 
Harpers Yard, St. Johns Rd., Isleworth, Middx. 


tel: Isleworth 3011 
HOBSON LTD., H. M. 
Hobson Works, Fordhouses, Wolverhampton 
tel: Fordhouses 2266 
HOFFMAN MANUFACTURING CO. LTD. 
Chelmsford, Essex tel: Chelmsford 3151 
HOLIDAY & HEMMERDINGER LTD. 
71 Ardwick Green North, Manchester, 12 


tel: Ardwick 6366 
HOLMAN BROS. LTD. 
Camborne, Cornwall tel: Camborne 2275 
HOLMES & CO. LTD., W. C. 
Turnbridge, Huddersfield, Yorks 
tel: Huddersfield 5280 
HONEYWELL CONTROLS LTD. 
Ruislip Rd. East, Greenford, Middx. 


tel: Waxlow 2333 
HOPKINSONS LTD. 
Huddersfield, Yorks tel: Huddersfield 3469 
HORSTMANN GEAR CO. LTD., E 
Newbridge Works, Bath, emccnl™ 
: Bath 7241 
HOWARD CLAYTON-WRIGHT LTD: 
Wellesbourne, Warwcs tel: Wellesbourne 316 
Fouls St: North, Birmingham, 1 
ort irmin 
er : : Midland 0393 
HYDRAULICS & PNEUMATICS. iD. 
Villiers St., Wolverhampton, Staffs 
tel: Wolverhampton 24456 
HYMATIC ENGINEERING CO. LTD., THE 
Glover St., Redditch, Worcs. tel: Redditch 3621 


i 
IAC LTD. 
10 Chase Rd., Acton, London, N.W.10 


tel: Elgar 7285 
IBM UNITED KINGDOM LTD. 
101 Wigmore St., London, W.1 
tel: Welbeck 6600 
ICKNIELD ENGINEERING CO. LTD., THE 
Jubilee Rd., Letchworth, Herts 
tel: Letchworth 1706 
1.D.M. ELECTRONICS LTD. 
Whitley Kiln, Basingstoke Rd., Reading, Berks 


tel: Reading 82557 
L.E.C.-SIEGER LTD. 
39 Parliament St., Westminster, London, W.1 
tel: Trafalgar 3386 
INA NEEDLE BEARINGS LTD. 
Dafen, Lianelly, Carms. tel: Lianelly 2056 
INDUSTRIAL HYDRAULICS LTD. 
101 London Rd., Reading, Berks 
tel: Reading 55748 
INDUSTRIAL PRODUCTS (SPECO) LTD. 
The “yerry Building, Great West Rd., Brentfor«, 
Midcx. tel: Isleworth 3939 
INDUSTRIAL PYROMETER CO. LTD., THE 
66-76 Gooch St., Birmingham, 5 
tel: Midland 3511 
Bee TaIAL TECHNICS (SOUTHAMPTON) 
pound Rd., Southampton 
tel: Southampton 21435 
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INFRA RED DEVELOPMENT CO. se. THE 
40 Tewin Rd., eee a 


: Welwyn jin. 5591 
INGLIS KNIBB & CO. 
20/21 Tooks Ct., Cursitor St., London, E.C4 
tel: Holborn 2851 
INNESS & CO. (DARLINGTON) LTD. 
11 Tubwell Row, Darlington 
tel: Darlington 4316 
INSTRUMENT INSTALLATIONS LTD 
— Works, The Av., Amersham-oo-the-Hill 


INTEGRA, LEEDS & NORTHRUP LID. LTD. 
183 Broad St., Birmingham, 15 


tel: Midland 1453 
INTEGRAL LTD. 
Birmingham Rd., Wolverhampton 
tel: Wolverhampton 24984 
INTERMIT LTD. 


44 Bradford St., Birmingham, 5. 
tel: Midland 7961 
INTERNATIONAL COMPUTERS & 
TABULATORS LTD. 
Gloucester Ho., 149 Park Lane, London, W.1 
tel: Hyde Park 8080 
INTERNATIONAL ENGINEERING CONCES- 
SIONAIRES LTD. 
39 Parliament St., Westminster, London, S.W.1 
tel: Trafalgar 3386 
IONIC INSTRUMENTS (LONDON) LTD. 
317 Buston Rd., London, N.W.1 tel: Euston $592 
ISENTHAL & CO. LTD. 
Ducon Works, Victoria Rd., London, W.3 


tel: Acorn 3904 

ISOTOPE DEVELOPMENTS LTD. 
Beenham: Grange, Aldermaston Wharf, Reading 
tel: Woothampton 2121 


JACK DAVIS (RELAYS) LTD. 
Tudor Pi., London, W.1! tel: Museum 7960 
JACKSON & BRADWELL LTD. 
Grove House, Sutton New Rd., Birmingham, 23 
tel: Erdington 7411 
JACKSON BROS. (LONDON) LTD. 
Kingsway, Waddon, Surrey tel: Croydon 2754 
JAMES W. CARR & CO., LTD. 
7/15 Rosebery Av., London, E.C.1 
tel: Terminus 8866 
JAMES GORDON & CO. LTD. 
Dalston Gardens, Stanmore, Middx. 
tel: Wordsworth 3631 
JAMES SCOTT & CO. (ELECTRICAL 
ENGINEERS) LTD. 
68 Brockville St., Carntyne Industrial Estate, 
Glasgow, E.2 tel: Shettleston 4206 
JAMES WALKER & CO. LTD. 
Lion Works. Woking, Surrey tel: Woking 2432 
JEARY ELECTRICAL CO. LTD. 
132/142 East Rd., London, N.1 
tel: Clerkenwell 8301 
J.D. ELECTRONICS (BIRMINGHAM) LTD. 


Leafield, Corsham, Wilts tel: Hawthorn 430 
JOHN BULL RUBBER & CO. LTD. 
Leicester tel: Leicester 36531 


a os ELECTRICAL ENGINEERING 


Vulcan Rd., Bilston, Staffs 
JOHNSON & PHILLIPS LTD. 

Victoria Works, Victoria Way, Charlton, Lon- 

don, S.E.7 tel: Greenwich 3244 
JOHNSON, MATTHEY & CO. LTD. 

78-83 Hatton Garden, London, re 


: Bilston 41237 


Hg 6989 
JOHN THOMPSON INSTRUMENT CO LTD. 
Ettingshall, Wolverhampton tel: Bilston 41121 
JONES, TATE & CO. LTD. 
165 Great Dover St., London, S.E.1 
tel: Hop 3100 
JOSEPH LUCAS LTD. 
Great King St., Birmingham, 19 
tel: Northern 5252 
JOSEPH LUCAS (HYDRAULICS & COMBUS- 
TION BQUIPMENT) LTD. 
The Radieys, Marston Gdns, Birmingham, 33 
tel: Marston Green 2281 
JOSHUA HINDLE & SONS LTD. 
Hindle House, Leeds, 1 tel: Leeds 30567 
JOYCE ELECTRICAL CO. LTD. 
Sa Goldsmith Rd., Leyton, London, E.10 
tel: Leytonstone 5421 
JOYCE, LOEBL & CO. LTD. 
A7 Princeway, Team Valley, Gateshead-on- 
Tyne, 1 tel: Low Fell 752525 


K 


KANDEM ELECTRICAL LTD. 
711-715 Fulham Rd., London, S.W.6 
tel: Renown 2387 
KASAMA ELECTRONICS LTD. 
10 Northwold Rd., London, N.16 
tel; Stamford Hill 3513 
KDG INSTRUMENTS LTD. 
Manor Royal, Crawicy, Sussex 
tel: Crawley 25151 
KEELAVITE HYDRAULICS LTD. 
Allesicy, Coventry tel: Meriden 441 
KEITH BLACKMAN LTD. 
Mill Mead Rd., Tottenham, London, N.17 


tel: Tottenham 4522 
KELVIN & HUGHES LTD. 
Kelvin House, Wembley Park Drive, Wembiey, 


Middx. tel: Wembley 8888 
KENDALL & MOUSLEY LTD. 


18 Melville Rd., Edgbaston, Birmingham, 16 
tel: Edgbaston 3321 
KETAY LTD. 


Eddes House, Eastern Av. West, Romford, Essex 


Seven Kings 6050 
KGM ELECTRONICS LTD. 
The Barons, Twickenham, Middx. 
tel: Popesgrove 0031 
KINETROL LTD. 


Trading Estate, Farnham, na 
wee $070 


Rpenescet CONTROL SYSTEMS L 
7 Clarence St., Kingston, Surrey 
tel: Kingston 6808 





KLAXON LTD. 
76 Jermyn St., London, $.W.1. 
tel: Whitehall 0411 
= ENGLAND LTD. 
Charterhouse Bidgs., Goswell Rd., London, 
Bal tel: Clerkenwell 0778 
KNITMESH LTD. 
36 Victoria St., London, S.W.1. tel: Abbey 2684 
KODAK LTD. 
61-65 Kingsway, London, W.C.2 
tel: Holborn 7841 
KONTAK MANUFACTURING CO, LTD. 
Belton Park, Londonthorpe Rd., Grantham 
tel: Grantham 908 
KYNMORE ENGINEERING CO. LTD. 
19 Buckingham St., London, W.C.2 
tel: Trafalgar 2371 


L 


LABGEAR LTD. 

Willow Place, Cambridge tel: Cambridge 2494 
LACY-HULBERT & CO. LTD. 

Boreas Works, Beddington, Croydon, Surrey 

tel: Croydon 5504 

LANCASHIRE DYNAMO ELECTRONIC 

PRODUCTS LTD. 

Ruegcicy, Staffs tel: Rugeley 371 
LANCASHIRE DYNAMO NEVELIN LTD. 

Hurst Green, Oxted, Surrey. tel: Oxted 3361 
LAND PYROMETERS LTD. 

Colonial Works, Queens Rd., Sheffield, 2 


tel: Sheffield 28451 
LANDIS & GYR LTD. 
Elgee Works, Victoria Rd., London, 


w3 
tel: Acorn 2282 
LANGHAM THOMPSON LTD.., J. 
88 High Rd., Bushey Heath, Herts 


tel: Bushey 2411 
LANG PNEUMATIC LTD. 
Birmingham Rd., a 
: Wolverhampton 25221 
LAURENCE, SCOTT & ELECTROMOTORS LTD. 
Norwich tel: Norwich 28333 
LAW AND PLUMTREE LTD. 
6 Landsdowne Rd., Erdington, Birmingham, 24 
tel: Erdington 0460 
LAWRENCE ELECTRONICS 
53 Hornsey Rd., London, N.7_ tel: North 3445 
LAYCOCK ENGINEERING LTD. 
44 Bradford St., Birmingham, 5 tel: Midland 7961 
LE CARBONE (GREAT BRITAIN) LTD. 
Portslade, Sussex tel: Hove 48268 
LEE PRODUCTS (GREAT BRITAIN) LTD. 
Elpico House, Gt. Eastern St., London, E.C.2 


tel: Bishopsgate 0444 
LEEDS METER CO. LTD., THE 
Armiey, Leeds, 12 tel: Leeds 38034 
LELAND INSTRUMENTS LTD. 
Abbey House, Victoria St., London, S.W.1 


tel: Abbey 3585 
{LEO COMPUTERS LTD. 
Hartree House, 1514-1594 Queensway, Bayswater, 
London, W.14 tel: Bayswater 9451 
LEVIS LTD. 
Stechford, Birmingham, 33 tel: Stechford 2238 
LEYBOLD VACUUM SALES LTD. 
27 Broadwick St., London, W.1 
tel: Gerrard 9641 
LIMITORQUE VALVE CONTROLS LTD. 
Newbury, Berks tel: Newbury 1701 
-INDARS AUTOMATION LTD. 
143 Maple Rd., Surbiton, Surrey 


tel: Kingston 8916 
-INTRONIC LTD. 
47 Charing Cross Rd., London, W.C.2 
tel: Ger. 5509 
LION ELECTRONIC DEVELOPMENTS LTD. 
Lion Works, Hanworth Trading Estate, Feltham. 


Middx. tel: Feltham 6661 
LIQUID SYSTEMS LTD. 


Holmethorpe Av., Redhill, Surrey 


tel: Redhill 4543 
LOCK & CO. LTD., A. M. 
105 Crompton St., Chadderton, Oldham, Lancs 
tel: Oldham Main 2578 
LOCKHEED PRECISION PRODUCTS LTD. 
Speke, Liverpool, 24 tel: Hunt's Cross 2121 
LONDEX LTD. 
207 Aneriey Rd., London, S.E.20 
tel: Sydenham 3111 
LONDON INSTRUMENT CO. LTD. 
Newnham Mills, Cambridge tel: Cambridge 2213 
LOUIS NEWMARK LTD. 
Instrument Division 
Prefect Works, Stafford Rd., Croydon 


tel: Croydon 5571 
LUND BROS. & CO. 
55 Bendon Valley, inci S.W.18 
tel: Vandyke 7676 


MAGNETA TIME CO. LTD. 
Ackmar Works, Ackmar Rd., London, S.W.6 


tel: Renown 5566 
MAGNETIC CONTROLS LTD. 
4 Station Rd., Maidstone, Kent 
tel: Maidstone $1485 
MAGNETIC DEVICES LTD. 
Exning Rd., Newmarket, Suffolk 
tel: Newmarket 3181 
MAGNETIC EQUIPMENT CO. LTD., THE 
Lake Works, Wicor, Portchester, Hants 
tel: Cosham 75025 
MAGNETIC VALVE CO. LTD., THE 
7 Kendall Pi., Baker St., London, W.1 
tel: Hunter 1801 
MAJESTIC ELECTRIC CO. (1937) LTD. 
Majestic Works, Queensway, Ponders End, 
Middx. tel: Howard 1186 
MALLORY BATTERIES LTD. 
Rainham Works, Rainham Rd. South, Dagenham, 
Essex tel: Dominion 2111 
MANCUNA ENGINEERING LTD. 
Denton, Manchester tel: Denton 3965 
MARLEY & CO. LTD., W. H. 
105 High Rd., New ‘Southgate, London, N.11 
Enterprise 5234 








MARCONI INSTRUMENTS LTD. 
Longacres, St. Albans, Herts. 
tel: St. Albans 56161 
MARCONI INTERNATIONAL MARINE 
COMMUNICATION CO. LTD., THE 
Marconi House, Chelmsford, Essex 
tel: Chelmsford 3221 
MARCONI’S WIRELESS TELEGRAPH CO. LTD. 
Marconi House, Chelmsford, Essex 
tel: Cheimsford 3221 
MARSHAL. OF CAMBRIDGE ELECTRONICS 


The Aerodrome, Cambridge : Cambridge 56291 
MARTINDALE ELECTRIC. co. LTD. 
Westmorland Rd., London, N.W.9 


tel: Colindale 8642 
MARTONAIR LTD. 
Parkshot, Richmond, Surrey tel: Richmond 3348 
MATTHEWS & YATES LTD. 
Cyclone Works, Swinton, Manchester 


tel: Swinton 2273 
MAWDSLEY’S LTD. 
, Gloucester tel: Dursley 2386 
MAXAM POWER LTD. 
Camborne, Cornwall tel: Camborne 2261 
M.B. METALS LTD. 
Vale Works, Portslade, Sussex tel: Hove 48623 
MEAD & PHASEY LTD. 
Princes St, Bexleyheath, Kent 


tel: Bexleyheath 2876 
MEASUREMENT LTD. 
Tameside Works, Dobcross, Oldham, Lancs 
tel: Delph 424 
MEASURING INSTRUMENTS (PULLIN) LTD. 
Electrin House, Winchester St., Acton, W.3 


tel: Acorn 4651 
MECHANISM LTD. 
Gyro Works, George St., Conte, 
Vtrenaas 3426 
MERRICK SCALE MANUFACTURING Co. LTD. 
Albert St., Bulwell, Nottingham 
tel: Nottingham 27-1458 
MERVYN INSTRUMENTS 
Copse Rd., St, Johns, Woking, Surrey 


tel: Woking 5200 
METAL DETECTION LTD. 
Moseley St., Birmingham, 12 tel: Victoria 0211 
METERING PUMPS LTD. 
21 The Mall, Ealing, ef tel: Ealing 4024 
METRIX INSTRUMENTS L 
$4 Victoria Rd., Surbiton, Surrey 
tel: Elmbridge 2776 
METROPOLITAN ENGINEERING CO. LTD., 


THE 
47 Whitechapel High St., London, 
tel: Sens 0451 
MEYNELL & SONS LTD., H. 
Montrose St., Wolverhampton 
tel: Wolverhampton 20297 


MIMLAND PNEUMATIC LTD. 


New Cross. Wolverhampton tel: 32501 
MIT ES-HTVOLT LTD. 
Shoreham Airport, Sussex tel: Hove 70266 


MILLETT LEVENS LTD. 
Rarnet By-Pass, Stirling Corner. Borehamwood. 


Herts tel: Elstree 2871 
MTMIC DIAGRAMS LTD 
Maxim Rd., Crayford, Kent 
tel: Bexlevheath 6246 
MINE SAFETY APPLIANCES CO. LTD. 
Queenslic Industrial Estate, Glasgow, E.3 
tel: Shettleston 3421 
MINIATURE BEARINGS LTD. 
39 Pariiament St., Westminster, London, S.W.1 
tel: Trafalgar 3386 
MINING & CHEMICAL PRODUCTS LTD. 
86 Strand, London, W.C.2 
tel: Covent Garden 3393 
MINNESOTA MINING & MFG. CO. LTD. 
103 Wigmore St.. London, W.1 tel: Hunter 5522 
ML AVIATION CO. LTD. 
White Waltham Aerodrome, Maidenhead, Berks 
tel: Littlewick Green 248 
MOLLART ENGINEERING CO. LTD. 
Kingston By-Pass, Surbiton, Surrey 
tel: Elmbridge 0033 
MONROE CALCULATING MACHINE CO. LTD. 
Bush House, Aldwych, London, W.C.2 
tel: Covent Garden 0211 
MORECAMBE ELECTRICAL EQUIPMENT CO. 
LTD. 
Westgate Works, Morecambe, Lancs 
tel: Morecambe 3474 
MORGAN CRUCIBLE CO. LTD., THE 
Norton Works, Woodbury Lane, Norton. 
Worcester tel: Worcester 26691 
MORGANTTE RESISTORS LTD. 
Bede Trading Estate, Jarrow, Co. Durham 
tel: Jarrow 89-7771 
MORTLEY, SPRAGUE & CO, LTD., G. E. 
Lyons Crescent, Tonbridge, Kent. 
tel: Tonbridge 2358 
M.S.S. RECORDING CO. LTD. 
Poyle Trading Estate, Colnbrook, Bucks 
tel: Colnbrook 2431 
M.T.E. CONTROL GEAR LTD. 
Progress Rd., Leigh-on-Sea, Essex 


tel: Eastwood 524281 
MUFFETT LTD., S. H. 
Mount Ephraim Works, Tunbridge Wells, Kent 


tel: Tunbridge 20231 
MUIRHEAD & CO. LTD. 
Beckenham, Kent tel: Beckenham 4888 
MULLARD LTD. 
Mullard House, Torrington — London, W.c.l 


: Langham 6633 
MULLARD EQUIPMENT Lp.” 
Mullard House, Torrington Place, London, W.C.1 
tel: Langham 6633 
MULTITONE ELECTRIC CO. LTD. 
12 Underwood St., London, N.1 


tel: Clerkenwell 8022 
MYCALEX & TIM LTD. 
Ashcroft Rd., Cirencester, Glos. 
tel: Cirencester 400 
McMURDO INSTRUMENT CO. LTD. 
Victoria Works, Ashtead, Surrey 
tel: Ashtead 3401 


i 
| 








NAGARD LTD. 
imont, Surrey 
oe eee ee ene tel: Vigilant 9161 
ALDER BROS. & THOMPSON LTD. 
"Daaes Lane Works, London, E.8 


tel: Clissold 2365 
NASH & THOMPSON —- . 
., Chessin; , Surrey 
re ° tel: Elmbridge 5252 
NEGRETTI & ZAMBRA LTD. 
122 Regent St., London, W.1 tel: Regent 3406 
ELCO LTD. 
. Station Rd., Shalford, Surrey tel: Guildford 5336 
NEOSID LTD. 
ii , Welwyn Garden City, Herts 
Stonehiils House. ro ri Bay 
NEWBOLD & BULFORD LTD. 
House, Roger St., London, W.C.1 
er tel: Chancery 5614 
NEW ELECTRONIC PRODUCTS LTD. 
360 Kennington Rd., London, S.E.11 
tel: Reliance 5161 
NEWMAN INDUSTRIES LTD. | 
Yate, Bristol tel: Chipping Sodbury 3311 
NEWMARKET TRASSESTOS oe LTD. 
i i os arket, ° 
ee tel: Newmarket 3381 
NEWPORT INSTRUMENTS (SCIENTIFIC & 
MOBILE) a Genet Seat 
Rd., Newport gnell, Buc! 
een _ tel: Newport Pagnell 401 
NEWTON BROTHERS (DERBY) LTD. 
Alfreton Rd., Derby tel: Derby 47676 
N.G.N. ELECTRICAL LTD. 
Avenue Parade, Accrington, Lancashire 
tel: Accrington 5611 
NICKOLS AUTOMATICS LTD. 
7 Carlisle Rd., London, N.W.9 
tel: Colindale 6141 
NIFE BATTERIES 


Redditch, Worcs tel: Redditch 157 
NORGREN, LTD., C. A. 
Shipston-on-Stour, Warws tel: 106 


NORMALAIR LTD. 
West Hendford, Yeovil, Somerset 
tel: Yeovil 1100 
NOTTINGHAM THERMOMETER CO. LTD., 
THE 
63 Mansfield Rd., Nottingham 
tel: Nottingham 45815 
N.S.F, LTD. 
31 Alfred Place, London, W.C.1 
tel: Langham 9561 
N.S.R. MANUFACTURING LTD. 
394 Northolt Rd., South Harrow, Middx. 
tel: Byron 1863 
NUCLEAR ENTERPRISES (G.B.) LTD. 
Bankhead Medway, Edinburgh, 11 
tel: Craiglockhart 5262 


° 


OLIVER PELL CONTROL LTD. 
Cambridge Row, London, S.E.18 
tel: Woolwich 1422 
OPTICAL WORKS LTD. 
32 The Mall, Ealing, W.5 tel: Ealing 5678 
OSWALDS & RIDGWAY LTD. 
Station Av., Kew Gardens, Surrey 
tel: Richmond 2336 


P 


PAGE ENGINEERING CO. 
Page Works, Forge Lane, Green St., Sunbury- 
on-Thames, Middx. tel: Sunbury 4242 
PAINTON & CO. LTD. 
Kingsthorpe, Northampton 
tel: Northampton 34251 
PALATINE TOOL & ENGINEERING CO. 
(SURBITON) LTD. 
64-76 Brighton Rd., Surbiton, Surrey 
tel: Elmbridge 7261 
PANAX EQUIPMENT LTD. 
Holmthorpe Av., Redhill, Surrey 
tel: Redhill 3511 
PANELLIT LTD. 
70 Dudden Hill Lane, London, N.W.10 
tel: Willesden 5141 
PAR LTD. 
95 Taibot St., Nottingham 
tel: Nottingham 46505 
PARKINSON COWAN INSTRUMENTS 
7/17 Fitzalan St., London, S.E.1i 
tel: Reliance 2406 
PARMEKO LTD. 
Percy Rd., Aylestone Park, Leicester 
tel: Leicester 32287 
PARSONS & CO. LTD., S. 
Young St., Bradford, Yorks tel: Bradford 45494 
PARVALUX LTD. 
Parkstone, Poole, Dorset tel: Parkstone 3827 
PATON HAWKSLEY LTD 
Rockhill Laboratories, Keynsham, Bristol 
tel: Keynsham 2364 
PAYNE & GRIFFITHS LTD. 
Tudor Works, Windmill Lane, Smethwick, Staffs 
tel: Smethwick 1518 
PELAPONE ENGINES LTD. 
38-40 Bruton St., London, W.1 
tel: Mayfair 1674 
PERKIN-ELMER, A. G. 
160 Cheapside, London, E.C.2. 
tel: Monarch 8177 
PERL CONTROLS LTD. 
672 Fulham Rd., S.W.6 tel: Renown 5555 
PERMAG EQUIPMENT LTD. 
Moseley St., Birmingham, 12. 
tel: Victoria 7 
PERMALI L1D. _— 
125 Bristol Rd., Gloucester 
tel: Gloucester 24941 


PERMUTIT CO. LTD., THE 
Permutit House, Gunnersbury Av., London, W.4 
tel: Chiswick 6431 
tt SCOTT ELECTRICAL INSTRUMENTS 


Addlestone Rd., Weybridge, Surrey 
tel: Weybridge 4271 
PHILLIPS CONTROL (G.B.) LTD. 
273 Farnborough Rd., Farnborough, Hants 
tel: Farnborough 1120 
PHOTOELECTRONICS (M.O.M.) LTD. 
Oldfields Trading Estate, Oldficlds Rd., Sutton 
tel: Fairlands 4571 
PILLINGER & CO. LTD., G. C. 
Sutton Common Rd., Sutton, Surrey 


tel: Fairlands 8844 
PIONEER DESIGNS LTD. 
6 Hampton Court Rd., E. Molesey, Surrey 


tel: Molesey 2810 
PLANNAIR LTD. 


Windfield House, Epsom Rd., Leatherhead, Surrey 
tel: Leatherhead 4091 
PLATON LTD., G. A. 


323a Whitehorse Rd., Croydon, Surrey 


tel: Thornton Heath 1631 
PLENTY & SON LTD. 
Eagle Ironworks, Newbury, Berks 


tel: Newbury 2363 
PLESSEY CO. LTD., THE 
Ilford, Essex tel: Ilford 3040 
PLESSEY NUCLEONICS LTD. 
Weedon Rd., Northampton 
tel: Northampton 4966 
POLYPENCO LTD. 


68-70 Tewin Rd., Welwyn Garden City, Herts 
tel: Welwyn 5581 
POWER AUXILIARIES LTD. 
Kembrey St., Swindon, Wilts tel: Swindon 6211 
POWER JACKS LTD 
Agnes Rd., Acton, London, W.3 
tel: Shepherds Bush 3445 
PRATT PRECISION HYDRAULICS LTD. 
Craven Edge Works, Halifax, Yorks 
tel: Halifax 66371 
PRECISION RUBBERS LTD. 
Bagworth, Leicester tel: Bagworth 241 
PRErORMATIONS LTD. 
Cheney Manor, Swindon, Wilts tel: Swindon 6251 
PRESSURE CONTROL LTD. 
Davis Rd., Chessington, Surrey 
tel: Lower Hook 2196 
PRINTED CIRCUITS LTD. 
Stirling Corner, Barnet By-Pass, Borehamwood, 
Herts tel: Elstree 2871 
PROCESS CONTROL GEAR LTD. 
44 Latimore Rd., St. Albans, Herts 
tel: St. Albans 52030 
PULLIN & CO. LTD., R. B. 
Phoenix Works, Great West Rd., Brentford, 
Middx. tel: Ealing 0011 
PULSOMETER ENGINEERING CO, LID., THE 
Nine Elms lron Works, Reading 
tel: Reading 67182 
PYE & CO, LTD., W. G. 
Granta Works, Newmarket Rd., Cambridge 
tel; Cambridge 54411 


PYE LTD. ‘ 
Switch Division, Otchall Works, Burgess Hill, 
Sussex tel: Burgess Hill 2791 


PY ROTENAX LID. 
Hedgeley Rd., Hebburn-on-Tyne, Durham 
tel: Hebburn 83-2244 


R 


RACAL INSTRUMENTS LTD. 
Western Rd., Bracknell. Berks 
tel: Bracknell 941 
RADENITE BATTERIES LTD. 
Foleshill Rd., Coventry, Warws 
tel: Coventry 89044 
RADIATION MONTTORS LTD. 
52 Tottenham Court Rd., London, W.1 
tel: Museum 4420 
RADIATRON 
7 Sheen Pk., Richmond, Surrey 
tel: Richmond 3285 
RADIOSPARES LTD. 
4-8 Maple St., London, W.1 tel: Euston 7232 
RADIOVISOR PARENT LTD. 
Stanhope Works, High Path, London, S.W.19 
tel: Cherrywood 3351 
RANK CINTEL LTD. 
Worsley Bridge Rd., London, S.E.26 
RANK PRECISION INDUSTRIES LTD. 
Electronic Dept., Sulgrave Rd., London, W.6 
tel: Shepherd Bush 2050 
RANSOME & MARLES BEARING CO. LTD 
Newark-on-Trent, Nous. tel: Newark 456 
tel: Hither Green 4600 
RAPID MAGNETIC MACHINES LTD. 
Lombard St., Birmingham, 12 
tel: Victoria 1137 
R.C.A. (GREAT BRITAIN) LTD. 
Lincoln Way, Windmill Rd., Sunbury-on-Thames, 
Middx. tel: Sunbury 3101 
REAVELL-FAHIE LTD 
Ranelagh Works, Ipswich, Suffolk 
tel: Ipswich 56124 
RECORD ELECTRICAL CO. LTD., THE 
Broadheath, Altrincham, Cheshire 
tel: Altrincham 3221 
REID & SIGRIST LTD. 
Braunstone Works, Braunstone, Leicester 
tel: Leicester 88101 
RELIANCE MFG. CO. (SOUTHWARK) LTD. 
Sutherland Rd., Higham Hill, London, E.17 
tel: Larkswood 1118 
RENOLD CHAINS LTD. 
Renold Ho., Wythenshawe, Manchester 
tel: Mercury 5221 
REOSOUND ENGINEERING & ELECTRICAL 
co. 
Reosound Works, Reddicap Trading Estate, 
Sutton Coldfield tel: Sutton Coldfield 4462 
RESEARCH & CONTROL INSTRUMENTS LTD. 
207 Kings Cross Rd., London, W.C.1 
tel: Terminus 2877 


RESISTANCES LTD, 
30 Oxford Rd., Finsbury Park, London, N.4 


REYNOLDS & BRANSON Lp. a 
Leodis Works, North West Rd., 


RHEOSTATIC CO. LTD., THE oe 


Farnham Rd., Slough, Bucks tel: Si 2396 
RICHARDSON SCALE CO, LTD. ae ' 
Albert St., Bulwell, Notts 


RIVLIN INSTRUMENTS Lib” — 


Doman Rd., Camberiey, Surrey 
, 1: Camberley 2507 
ROBERT PRINGLE & SONS (LOND 
36-42 Clerkenwell Rd., London, EC! ae 


ROBINSON & CO., D. tel; Clerkenwell 2341 
717 London Rd., Hounslow, Middx. 


1; 6266 
ROBINSON & PARTNERS LID, _. 


Councillor Lane, Cheadle, Cheshire 


a> TRIST & CO, LTD. epee 

at d., Slough, Bucks tel: 

ROTAMETER MFG. CO. tHE — 
330 Purley Way, Croydon, Surrey 


ROYSTON INSTRUMENTS LTD) "42 3816 


Canada Rd., Oyster Lane, Byfleet, Surrey 


RYECROFT ELECTRIC LTD. metene pyres 
Hargreaves Works, West End, Congleton, Che- 
shire tel: Congleton 2471 


SALFORD ELECTRICAL INSTRUM 
Peel Works, Silk St., Salford, 3, a — 


tel: Bile i 6688 
SAMSON CONTROLS (LONDON) “LID 


19 Borough High St., London, S.E.1 


SAMUEL, BIRKETT LTD. ov oe 
Queen Street Works, Heckmondwyke, Yorks 


tel: Heck 
SANDERS (ELECTRONICS) LID. We _ 


Gunnels Wood Rd., Stevenage, Herts. 


SANGAMO WESTON LTD. 7 
St. George's Court, 22/26 New Oxford St., Lon- 


don, W.C.1 tel; Cha 
SARGROVE ELECTRONICS LTD. —-_ 


Alexandra Rd., Hounslow, Middx. 


SAUNDERS-ROE LTD. a a 
_ East Cowes, Isle of Wight : 
SAUNDERS VALVE CO. LiD, “> “OWS 2211 


Cwmbran, Mon, tel: C 
SAUTER CONTROLS LTD wrinra hen 


70 Dudden Hill Lane, London, N.W.10 


I: 
SAVAGE & PARSONS LTD. ee 
Otterspool Way, Watford By-Pass, Watford, 


Herts. . Is 
SCHRADER'S SON, A. tel: Watford 26071 


829 Tyburn Rd., Birmingham, 24 
al Z tel: Erdington 2267 
oaee ELECTRIC WELDING MACHINES 


Falmouth Rd., Slough, Bucks. tel: SI 
SCIENTIFIC FURNISHINGS LTD. “#554 


Buxton Rd., Poynton, Cheshire tel: P t 
SEALECTRO CORPORATION a 


Hersham Trading Estate, Lyon Rd., Walton-on- 


lhames tel: Wal 
SEALEY ENGINEERING CO. LT D. ——— 


148 South Park Rd., London, S.W.19 


S.E£ tel: Lib 
S.E. LABORATORIES LTD el: Liberty 6444 
606 North Feltham Trading Estate, Feltham, 


Middx. tel: Felths 
SEMICONDUCTORS LTD. ee 


Cheney Manor, Swindon, Wilts. 


5 tel: S 
SERVIS RECORDERS LTD. 7 ern 


19 London Rd., Gloucester tel: Gloucester 24125 
SERVO & ELECTRONIC SALES LTD 

1 Hopton Parade, Streatham High Rd., London, 

S.W.16 tel: Streatham 6165 
SERVO CONSULTANTS LTD. 

17 Woodfield Rd., London, W.9 


tel: Edgwe 
SERVOMEX CONTROLS LTD. = 


Crowborough Hill, Jarvis Brook, Sussex 


tel: Crowbor 
SERVO UNITS LTD. rowborough 1247 


Farnborough Rd., Farnborough, Hants 


SF tel: Farnbor h 1120 
S.F.L.M. (GREAT BRITAIN) LID. 


22) Bedford Av., Slough, Bucks 


: tel: St h 22 
SHACKMAN & SONS, D. ’ ough 22228 
Chiltern Works, Waterside, Chesham, Bucks 


‘ tel: Chesham 8 
SHARP CONTROL GEAR LTD " _ 


Lount Works, Ashby-de-la-Zouch, Leics 


tel: Ashby 42 
SHAW MOISTURE METERS . a ; 


31 Market St., Bradford, Yorks 


tel: Bradford 2495 
SHORT & MASON LTD. co, -~ 


280 Wood St., London, E.17 


: tcl: Coppermill 220 
S!IIORT BROS. & HARLAND LTD . : 


Queen's Island, Belfast tel: Belfast 58444 
SIEMENS EDISON SWAN LTD 
155 Charing Cross Rd., London, W.C.2 
tel: Gerrard 8660 
STEMENS-SCHUCK ERT (GREAT BRIIAIN) LTD 
Faraday Works, Gt. West Rd., Brentford Middx. 


tel; Vv 
SIEREX LID. € Isleworth 2311 


241 Touenham Ct. Rd., London, W.! 


kad s tel: Langham 2464 
SIPFAM ELECTRICAL INSTRUMEN' co. LTD, 
Leigh Court, Higher Lincombe Ru., Torquay 


tel: Torquay 4547 
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SIGMA INSTRUMENT CO. LTD. 
Letchworth, Herts tel: Letchworth 1845 

AEROCESSORIES LTD. 
Glam. tel: Treforest 2211 


LTD., L. E. 
$ Byron Rd., Harrow, Middx. tel: Harrow 2524 
aes ELECTRICAL & WINDING CO. 


Treforest, 


i Rd., Bromicy, Kent 
tel: Ravensbourne 3594 
SIMPLEX ELECTRIC CO. LTD. 
Broadwell, Oldbury, Birmingham 
tel: Broadwell 1515 
SINEX ENGINEERING CO. LTD. 
Central Way, North Feltham Trading Estate, 
Feltham, Middx. tel: Feltham 5081 
SMALL ELECTRIC MOTORS LTD. 
Fagic Works, Churchficlds Rd., Beckenham, 
Kent tel: Beckenham 0066 
SMITH & SONS (ENGLAND) LTD., S. 
Cricklewood, London, N.W.2 
tel: Gladstone 3333 
SMITH HOBSON LTD. 
Hersham Trading Estate, Walton-on-Thames, 
Surrey tel: Walton 23766 
SMITHS INDUSTRIAL INSTRUMENTS LTD. 
Chronos Works, North Circular Rd., London, 
N.W.2 tel: Gladstone 1136 
SMITHS JACKING SYSTEMS LTD. 
c/o Smiths Motor Accessorics Ltd., Witney, 
Oxon. tel: Witney 678 
SOLARTRON ELECTRONIC GROUP LTD., THE 
45 Thames St., Kingston, Surrey 
tel: Kingston 3321 
SOUND DIFFUSION (AUTO-THERMATIC) LTD. 
Duracraft Works, Portslade, Sussex 
tel: Hove 49737 
sot 4h a INSTRUMENTS COMPUTER DIVI- 
STO 
Frimicy Rd., Cambericy, Surrey 
tel: Cambericy 3401 
SOUTH LONDON ELECTRICAL EQUIPMENT 
co. LTD. 
Lanier Works, Higher Green Lane, London, 
S.E.13 tel: Lee Green 4814 
SPEAR ENGINEERING LTD. 
Titan Works, Limpsficld Rd., Warlingham, Sur- 
rey tel: Upper Warlingham 2774 
SPFNBOROUGH ENGINEERING CO. LTD. 
Valicy Works, Union Rd., Heckmondwike, 
Yorks tel: Heckmondwike 924 
SPENCER COMPONENTS (BOUGH & OSBORNE 
LTD.) 
5 High St., Birmingham, 14 tel: Highbury 3155 
SPERRY GYROSCOPE CO. LTD. 
Gt. West Rd., Brentford, Middx. 


tel: Isleworth 1241 
SPTRAX-SARCO LTD. 
St. George’s Rd., Cheltenham, Glos. 
tel: Cheltenham 3028 
SOUAREB D LTD. 


Cheney Manor. Swindon, Wilts tel: Swindon 6711 
S.S. ELECTRONICS LTD. 
Severalis Av., Chesham, Bucks. tel: Chesham 409 
STANDAGE POWER COUPLINGS LTD. 
Telscombe Cliffs, Newhaven, Sussex 
tel: Peacehaven 2335 
STANDARD & POCHIN BROS. LTD., THE 
Evington Valicy Rd., Leicester 
tel: Leicester 36114 
STANDARD TELEPHONES & CABLES LTD. 
63 Aldwych, London, W.C.2 tel: Holborn 8765 
STANLEY & CO. LTD., W. F. 
New Eltham, London, S.E.9 tel: Eltham 3836 
STANLEY PALMER LTD., G. A. 
Maxwell House, Arundel St., London, W.C.2 
tel: Temple Bar 1610 
ors ATKINSON VICKERS HYDRAULICS 
LT 
197 ‘Knightsbridee, S.W.7 tel: Knightsbridge 9641 
STERLING INSTRUMENT CO. LTD. 
Boden Works, Chard, Somerset tel: Chard 2341 
STEWART AERONAUTICAL SUPPLY CO. LTD. 
Adastral House, Nutficld, Redhill, Surrey 
tel: Nut Ridge 3322 
STONEBRIDGE ELECTRICAL CO. LTD., THE 
6 Queen Anne's Gate, London, S.W.1 
tel: Trafalgar 1444 
STRAND ELECTRIC & ENGINEERING CO. 
LTD., THE 
29 King St., London, W.C.2 
tel: Temple Bar 4444 
STREAM-LINE FILTERS LTD. 
38 Ingate Place, London, S.W.8 
tel: Macaulay 1011 
STUART DAVIS LTD. 
Bayton Rd., Exhall, Coventry 
tel: Bedworth 2194 
STURTEVANT ENGINEERING CO. LTD. 
Southern House, Cannon St., London, E.C.4 
tel: Mansion House 0533 
SUPER OIL SEALS & GASKETS LTD. 
Factory Centre, King’s Norton, Birmingham, 30 


° tel: King’s Norton 2041 
SUPERVENTS LTD. 
Sidcup By-Pass, Sidcup, Kent 
SUNVIC CONTROLS LTD. 
Crown House, Aldwych, London, W.C.2 
tel: Temple Bar 8040 
SUTTON COLDFIELD ELECTRICAL ENGRS. 
Reddicap Trading Estate, Sutton Coldfield, 
Warwcs. tel: Sutton 5666 
SWARTWOUT CO. LTD., THE 
Century Works, Lewisham, London, S.E.13 
tel: Tideway 1271 
SYDNEY SMITH & SONS LTD. 
Egypt Rd., Basford, Nottingham 
tel: Nottingham 75031 
SYKES INTERLOCKING SIGNAL Cu, <TD., 
W.R. 
26 Voltaire Rd., London, S.W.4 
tel: Macaulay 3451 


tel: Footscray 5661 


T 


T.A.L. NUMATICS LTD. 
Energy Works, Leighton Buzzard, Beds. 
tel: Leighton Buzzard 2581 





TANGYES LTD. 
Cornwall Works, Smethwick, Staffs 


tel: Smethwick 1181 
TAYLOR CONTROLS LTD. 
75 Hale End Rd., London, E.17 
tel: Larkswood 3371 
TAYLOR ELECTRICAL INSTRUMENTS LTD. 
Montrose Av., Slough, Bucks. tel: Slough 21381 
TAYLOR, TAYLOR & HOBSON LTD 
Stoughton St., Leicester tel: Leicester 2014 
TECHNICAL CE RAMICS LTD. 
Wood Burcote Way, Towcester, Northants 
tel: Towcester 337 
ena ELECTRONIC PRODUCTS 
Eros House, 29/31 Regent St., Leste. S.W.1 
: Regent 5273 
Te mereoe INDUSTRIAL  BOUIPMENT 
Teddington Works, Sunbury-on-Thames, Middx. 
tel: Sunbury-on-Thames 600 
— REFRIGERATION CONTROLS 


Windmill Rd., Sunbury-on-Thames, Middx. 
tel: Sunbury-on-Thames 600 
TELECOMMUNICATION INSTRUMENTS LTD. 
North Quay, Great Yarmouth, Norfolk 


tel: Great Yarmouth 4941 
TELCON MAGNETIC CORES LTD. 
Chapelhall, By Airdric, Lanarkshire 


tel: Airdrie 2283 
TELEDICTOR LTD. 
Groveland Rd., Tipton, Staffs. tel: Tipton 2828 
TELEFLEX PRODUCTS LTD. 
Basildon, Essex tel: Basildon 22861 
TELEMECHANICS LTD. 
Shipyard Estate, Hythe, Southampton 


tel: Hythe 3265 
TELEMETERS LTD. 
119 Victoria St., London, S.W.1 


tel: Victoria 2670 
TELEPHONE MFG. CO. LTD. 
Hollingsworth Works, London, S.E.21 


tel: Gipsy Hill 2211 
TELEQUIPMENT LTD. 
313 Chase Road, Southgate, London, N.:4 
tel: Fox Lane 1166 
TEXAS INSTRUMENTS LTD. 


Dallas Rd., Bedford tel: Bedford 68051 
THERMAL CONTROI co. LTD. 


Marine Works, Sackville Rd., Hove, Sussex 
tel: Hove 35929 
ea PRODUCTS (ELECTRONICS) 


Shore Rd., Hythe, Southampton tel: Hythe 3265 
THOMAS ASHWORTH & CO. LTD 

Rosegrove, Burnicy, Lancs tel: Burnicy 2164 
THOMAS INDUSTRIAL AUTOMATION LTD. 

Station Buildings, Altrincham, Cheshire 


tel: Altrincham 2321 
THOMAS MERCER LTD. 
Eywood Rd., St. Albans, Herts 
tel: St. Albans 55313 
THOMAS MERCER (AIR GAUGES) LTD. 
Eyrwood Rd., St. Albans, Herts, 
tel: St. Albans 55313 
THOMAS RYDER & CO. (MANCHESTER) LTD. 
Commercial St. Works, Manchester, 15 
tel: Central 6753 
THOMAS WALKER & SON LTD. 
58 Oxford St., Birmingham, 5 tel: Midland 5474 
THORN ELECTRICAL INDUSTRIES LTD. 
Aircraft Components & Connector Division, Great 
Cambridge Rd., Enfield, Middx. tel: Enfield 5353 
TILTMAN LANGLEY LTD. 
Redhill Aerodrome, Redhill, Surrey 
Nutfield Ridge 2232 
TIMOTHY EATON LTD. 
Thornfield, Macclesficild Rd., Alderley Edge, 
Cheshire tel: Alderley Edge 2521 
TINSLEY & CO. LTD., H. 


Werndee Hall, Stanger Rd., London, S.E.25 
tel: Addiscombe 6046 
TOWLER BROS. (PATENTS) LTD. 
Electraulic Works, Rodicy, Leeds 
tel: Pudsey 3125 
—— & ELECTRICAL CO. LTD., 
THE 


Honywood Rd., Basildon, Essex 


tel: Basildon 20491 
TRUMETER CO. LTD. 


Milltown St., Radcliffe, Lancs 
rRUVOX LTD. 

Truvox House, 15 Lyon Rd., Harrow, Middx. 

tel: Harrow 9282 

TULLY ENGINEERING CO. LTD. 

Newark, Notts tel: Newark 2480 
20TH. CENTURY ELECTRONICS LTD. 

King Henry’s Drive, New Addington, Croydon, 


Surrey tel: Lodge Hill 2121 
TYER & CO. LTD. 


Merrow, Guildford, Surrey tel: Guildford 2211 
TYLORS OF LONDON LTD. 
Victoria Rd., Burgess Hill, Sussex 
tel: Burgess Hill 2631 


tel: Radcliffe 2675 


U 


UNDERWOOD BUSINESS MACHINES LTD. 
Data Processing Section, 
4 New Oxford St., London, W.C.1 
tel: Chancery 3131 
UNICAM INSTRUMENTS LTD. 
Arbury Works, Cambridge tel: Cambridge 55227 


UNILAG LTD. 
el: Crick Rugby 221 


Crick, Rugby 
UNITY HEATING LTD. 
Chilworth Manor, Southampto2, Hants. 
tel: Southampton 68844 
U.K. OPTICAL BAUSCH & LOMB LTD. 
Bittacy Hill, Mill Hill, London, N.W.7 
tel: Finchley 2660 


Vv 


VACTRIC (CONTROL EBQUIPMENT) LTD. 
196 Sloane St., London, S.W.1 tel: Sloane 9656 
VALLEY PRODUCTS (LYE) LTD. 


Valley Rd., Lye, Stourbridge tel: Lye 2324 


VARLEY DRY ACCUMULATO! 
By-Pass Rd., Barking, Essex tel: STippieney 3346 


, Middx. tel: Ealing 1185 


gee. Sow 
Lodge Hill 3344 
VENNER ACCUMULATORS LTD. 
Kingston By-Pass, New Maiden, Surrey 

tel: Malden 2442 


VENNER ELECTRONICS LTD. 
Kingston By-Pass, New Malden, Surrey 
tel: Maiden 2442 
VERNON INSTRUMENT CO. LTD. 
Wilbury Way, Hitchin, Herts tel: Hitchin 2322 
VERNONS INDUSTRIES LTD. 
Kirkby Industrial Estate, Liverpool 
tel: Simonswood 3261 
VICKERS LTD. 


Vickers House, Broadway, London, S.W.1 
tel: Abbey 7777 
VICKERS-ARMSTRONGS (ENGINEERS) LTD. 
Vickers House, Broadway, London, S.W.1 


tel: Abbey 7777 

VIDOR BATTERIES LTD. 

West St., Erith, Kent tel: Erith 3080 
VISCO ENGINEERING CO. LTD., THE 

Stafford Rd., Croydon, Surrey tel: Croydon 4181 
VLASTO, CLARK & WATSON LTD. 

London Road Bridge, Stockton Heath, Warring- 

ton tel: Stockton Heath 17 
VOKES LTD. 


Henley Park, Guildford, Surrey 
tel: Guildford 62861 
VOLSPRAY LTD. 


100 Grosvenor Gardens a aa S.W.1 
: Victoria 2974 


w 


WALKER, CROSSWELLER & CO. LTD. 
Whaddon Works, Cheltenham, Glos. 
tel: Cheltenham 56317 
WALLACE & TIERNAN LTD. 
Power Rd., London, W.4 tel: Chiswick 7191 
WALTER JONES & CO. (ENGINEERS) LTD. 
Newlands Park, Sydenham, London, S.E.26 


tel: Sydenham 6264 
WARDEN & CO. LTD., A. 
44-48 Shepherdess Walk, City Rd., London, N.1 
tel: Clerkenwell 3616 
WATFORD ELECTRIC & MFG. CO, LTD. 
Whippendell Rd., Watford, Herts. 
tel: Watford 28201 
WAYNE KERR LABORATORIES LTD., THE 
44 Coombe Rd., New Malden tel: Malden 2202 
WIER ELECTRICAL INSTRUMENT co, LTD 
Bradford-on-Avon, Wiltshire 
tel: Bradford-on-Avon 2044 
WELMEC CORPORATION LTD. 
147 Strand, London, W.C.2 tel: Temple Bar 3357 
WELWYN ELECTRICAL LABORATORIES LTD. 
Bedlington Station, Northumberland 
tel: Bedlington 2181 
WEST INSTRUMENT LTD. 
52 Regent St., Brighton, Sussex 
tel: Brighton 28106 
WESTERN MFG. (READING) LTD. 
The Aerodrome, Reading tel: Sonning 2351 
WESTINGHOUSE BRAKE & SIGNAL CO. LTD. 
82 York Way, King’s Cross, London, N.1 


tel: Terminus 6432 
WESTOOL LTD. 
St. Helens, Bishop Auckland, Co. Durham 


tel: West Auckland 551 
WHITE & RICHES LTD 


Victoria Rd., Burgess Hill, Sussex 
tel: Burgess Hill 85661 
WHITE DENTAL MBG. CO. OF GT. BRITAIN 
LTD., S. S. 
126 Gt. Portland St., London, W.1 
tel: Euston 5393 
WHITE ELECTRICAL INSTRUMENT CO. LTD. 
10 Amwell St., Rosebery Av., London, E.C.1 


tel: Terminus 2471 
WHITETRADE LTD. 
70 Maidstone Rd., Rochester, Kent 
tel: Chatham 41133 
WILKINSON (CROYDON) LTD., L. 
19 Lansdowne Rd., Croydon, Surrey 
tel: Croydon 0839 
WILLIAMS & JAMES (ENGINEERS) LTD. 
Chequers Bridge, Gloucester tel: Gloucester 24021 
WILLIAMS (BIRMINGHAM) LTD., R. A. 
Stero Works, Haslucks Green Rd., Shirley, Soli- 
hull, Warwes. tel: Shirley 2591 
WINSTON ELECTRONICS LTD. 
Govett Av., Shepperton, Middx. 
tel: Walton-on-Thames 26321 
WODEN TRANSFORMER CO. LTD. 
Moxley Rd., Bilston, Staffs. tel: Bilston 42681 
WORTHINGTON-SIMPSON LTD. 
P.O. Box 17, Newark-on-Trem, Notts 
tel: Newark 601 
— ELECTRIC MOTORS (HALIFAX) 


Century Works, Pellow Lane, Halifax 


tel: Halifax 60201 
W.S. ELECTRONICS LTD. 
Brunel Rd., East Acton, London, W.3 


tel: Shepherds Bush 7601 
WYKEHAM & CO. LTD., W. 
17-19 Cockspur St., London, S.W.1 
tel: Whitehall 5307 


¥ 


YOUNGS (LIFTING APPLIANCES) LTD, 
Ryland Street Works, Birmingham, 16 
tel: Edgbaston 3508 


ZEAL LTD., G. H. 
Lombard Rd., Morden Rd., Merton, S.W.19 
tel: Liberty 
ZENITH ELECTRIC CO. LTD., THE 
Zenith Works, Villiers Rd., Willesden Green, 
London, N.W.2 “tel: Willesden 6581 





ip 





ETERS—linear 
eee Circle No, 367 
Aveley 
British Arca Regulators 
B. & a, bee. aoe 
Bryans Acrocqui 
Instrument 


Cambridge I 

C. F. R. Giesler 

De Havilland Propellers 
EMI Electronics 


ACCELEROMETERS—rotational 
* Circle No. = 
Armstrong Whitworth 
B. & K. Labs. 
Hendrey Relays 
Louis Newmark 


ACCUMULATORS, electric. 
See Cells, electric 


ACCUMULATORS, hydraulic— 
hydro-pneumatic, non-separa- 


= * Circle No. 369 
Baldwin Industrial Controls 
Blectro-Hydraulics 

H.M.L. 

Joseph Lucas (H & C) 
Lockheed Precision Products 


ACCUMULATORS, hydraulic— 

hydro-pneumatic, piston 
er Circle No. 370 

Baldwin Industrial Controls 
Bell Precision 
Dowty Equipment 
Electro-Hydraulics 
H.M.L. 
Joseph Lucas (H. & C.) 
Industrial Hydraulics 
Keelavite Hydraulics 
Lockheed Precision Products 
Pratt Precision 
Short Bros. & Harland 
Smiths Jacking Systems 


ACCUMULATORS, hydraulic— 
hydro-pneumatic, flexible sep- 


arator 

%* Circle No. 371 
Electro-Hydraulics 
Fawcett Preston 
H.M.L. 
soseph ‘Lucas (H. & C.) 
Lockheed Precision Products 


ACCUMULATORS, hydraulic— 
spring-loaded 
* Circle No. 372 
eae 


lenuk ‘Lucas (H. & C.) 


ACCUMULATORS, hydraulic— 

weight-loaded 
* Circle No. 373 

Electro-Hydraulics 
Fawcett Preston 
H.M.L. 
Joseph Lucas (H. & C.) 
Tangyes 


ACTUATORS, 
See 
servo 


also Motors, el 


ACTUATORS, electric motor— 


linear 

* Circle No. 374 
A. Schrader’s Son 
Automa Engineering 
Electro-Magnetic Control 
English Electric 
Evershed & Vignoles 
George Kent 
Hartley Electromotives 
Limitorque Valve Controls 
Louis Newmark 
Miles-Hivolt 
Plessey Company 
Sauter Controls 
Sperry Gyroscope 
Stewart Aero Supply 
Teddington Ind. Equip. 
Teleflex Products 
Western Mfg. 
Woden Transformer 


ACTUATORS, electric motor— 


rotary 
* Circle No. 375 
Drayton Regulator 





electric motor. 


English Electric 
Evershed & Vignoles 
George Kent 
Honeywell Controls 
Louis Newmark 
Limitorque Valve Controls 
Miles-Hivolt 

Plessey Co. 

Sauter Controls 

Servo Units 

Stewart Acro Supply 
Teddington Ind. Equip. 
Western Mfg. 


—linear 

* Circle No. 376 
Automa Engineering 
Brookhirst Igranic 
B. & R. Relays 
Dunlop Rubber 
Electran Coil 
Electro-Hydraulics 
Electro Methods 
H. & B, Precision Eng. 
John Morris Elec. Eng. 
Magnet Devices 
Magnetic Controls 
Miles-Hivolt 
Oliver Pell 
Phillips Control (G.B.) 
Sauter Controls 
S.E. Laboratories 
Stewart Acro Supply 
Teddington Ind. Equip. 
Teledictor 
Western Mfg. 
Westool 
Williams (B’ham). R. A. 


ACTUATORS, electric solenoid 


—rotary 

* Circle No. 377 
Chilton Electric 
Dunlop Rubber 
Electro-Hydraulics 
H. & B. Precision Eng. 
Miles-Hivolt 
N.S.F. 
Oliver Pell 
Stewart Aero Supply 
Teddington Ind, Equip. 
Western Mfg. 
Westool 
Williams (B’ham), R. A. 


ACTUATORS, hydraulic. 
also Motors, raul 


ACTUATORS, hydraulic— 


linear 
* Circle No, 378 

Armstrong Whitworth Equip. 
Automa Engineering 
Baldwin Industrial Controls 
Bell Precision 
Boulton Paul Aircraft 
British Arca Regulators 
Cattermole, H. S. 
Dowty Equipment 
Dowty Hydraulic Units 
Drayton Regulator 
Elec. Steam & Mining 
Electrofio Meters 
Electro-Hydraulics 
Evershed & Vignoles 
Exactor 
Fawcett Preston 

Fairey 
Fisher Governor 
H.M.L. 


Hobson, H. M. 

Hydraulics & Pneumatics 
Joseph Lucas (H. & C.) 
Keelavite Hydraulics 
Lockheed Precision Products 
Martonair 

Maxam Power 

Miles-Hivolt 

Pratt Precision 
Reavell-Fahie 

Short Bros. & Harland 
Smith & Sons (England), S. 
Smiths Jacking Systems 
Spenborough Engineering 
Sperry Gyroscope 

Stein Atkinson 

Stewart Acro Supply 

Stuart Davis 

T.A.L. Numatics 

Tully Engineering 


Youngs 
ACTUATORS, hydraulic— 
rotary 
Circle No. 379 
B. & P. Swi 


Cattermole, H. S. 
Charnberlain Industries 
Dowty Hydraulic Units 
Electro-Hydraulics 
Exactor 

Fairey 

H.M.L, 

Hobson, H. M. 
Isenthal 


ic servo 


Joseph Lucas (H. & C.) 
Keelavite Hydraulics 
Lockheed Precision Products 
Miles-Hivolt 

Muirhead 

Reavell-Fahie 

Sperry Gyroscope 

Stein Atkinson 

Stewart Aero Supply 


Tully Engineering 
ACTUATORS, pneumatic. See 
also Motors, pneumatic servo 


ACTUATORS, electric solenoid ACTUATORS, pneumatic— 


linear 

* Circle No. 380 
Automa Engineering 
Air Automation 
Bailey Meters & Control 
Baldwin Industrial Controls 
Bell Precision 
Benton & Stone 
British Arca Regulators 
Consolidated Pneumatic 
Crosby Valve & Eng. 
Drayton Regulator 
Dunlop Rubber 
Elec. Steam & Mining 
Electrofio Meters 
Electro-Hydraulics 
Elliott Brothers 
Fisher Governor 
Foxboro-Yoxall 
George Hughes 
George Kent 
Globe Pneumatic Eng. 
Graseby Instruments 
Honeywell Controls 
Hunt & Mitton 
Hydraulics & Pneumatics 
James Gordon 
Lang Pneumatic 
Martonair 
Maxam Power 
Midland Pneumatic 
Miles-Hivolt 
Nickols Automatics 
Plessey Co. 
Sauter Controls 
Stewart Acro Supply 
Stuart Davis 
T.A.L. Numatics 
Tangyes 
Westinghouse Brake 


See ACTUATORS, pneumatic— 


rotary 

* Circle No. 381 
Automa Engineering 
Bailey Meters & Control 
Dunlop Rubber 
Electro-Hydraulics 
Globe Pneumatic Eng. 
James Gordon 
Kinetrol 
Limitorque Valve Controls 
Miles-Hivolt 
Nickols Automatics 
Plessey Co. 
Stewart Aero Supply 


AIR CONDITIONING  SYS- 

TEM: ircraft 
% Circle No. 382 

Armstrong Whitworth Equip. 
H.M.L. 
Miles-Hivolt 
M.L. Aviation Company 
Normalair 
Plannair 
Stewart Aero Supply 


AIR CONDITIONING 

TEMS— industrial 
* Circle No, 383 

Automation Systems 
Aeraspray Associated 
Birficld Industries 
Birlec 
B.M.B. Sales 
Elliott Brothers 
Electroflo Meters 
Fuel Efficiency 
G.EB.C. 
Harris Eng. 
Hirst Electronics 
Holmes, W. C. 
Honeywell Controls 
Int. Engineering Concess. 
Mancuna Engineering 
Matthews & Yates 
Plannait 
Reynolds & Branson 
South London Elec. Equip. 
Sturtevant Eng. 
Supervents 
Teddington Ind. Equip. 
Visco Engineering 
Wallace & Tiernan 


AIR CONDITIONING SYS. 
arine 
* Circle No. 384 
Birlec 
Brush Electrical 
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Sys- 


BUYERS’ GUIDE—CLASSIFIED SECTION 


Teddington Ind. Equip. 
Visco Engineering 
Wallace & Tiernan 


AIR COMPRESSORS, instru- 
ment. For cooling see 
ers. For power see 
Power packs—pneumatic 
AIR mene CONTROL AMPLIFIERS, 
EQUIPM 
td Cirle No, 385 
Air Trainers Link 
Amplivox 
Aveley Electric 
Decca Radar 


Ekco Electronics 
Electro-Mechanical Systems 
Epsylon Industries 
Gresham Developments 
Marconi, W. T. 

Rank Cintel 

Thermionic Products 


AMPLIDYNES. See Amplifiers, 


rotating electric 


AMPLIFIERS, electronic 


A.E.L. 

Airmec 

Air Trainers Link 
Aveley Electric 
Blackburn Electronics 
Bruce Peebles 
Electronic Associates 
Elliott Nucleonics 
EMI Electronics 
Epsylon Industries 
Ericsson Telephones 
Evershed & Vignoles 
Feedback 

Fleming Radio 
Gresham Developments 
Lancashire Dynamo Elect. 
Louis Newmark 
Miles-Hivolt 

Mullard Equipment 
Nash & Thompson 
Newman Industries 
Panellit 

Peto Scott 

Saunders Roc 

S.E. Laboratories 
Servomex Controls 
Short Bros. & Harland 
Teledictor 
Thermionic Products 
White & Riches 
Winston Electronics 


AMPLIFIERS, electronic 


A.E.L. 

A.C.M., Electronics 
Aero Transformers 
Airtech 


Armstrong Whitworth Equip. 


Automation Consultants 
Automa Engineering 
Aveley Electric 

Brown, S. G. 

Bruce Peebles 

Brush Electrical 

Bryan Savage 

C.J.R. 


Cossor Instruments 
Craven Electronics 
Davy & United Instruments 
De Havilland Propellers 
Dynatron Radio 

EMI Electronics 
Ericsson Telephones 
Evershed & Vignoles 
Farnell Instruments 
Ferranti 

Films & Equipments 
George Kent 
Goodmans Industries 
Gresham Developments 
Gresham Transformers 
Haddon Transformers 
Hartley Electromotives 
Harvey Electronics 
Hirst Electronics 
Honeywell Controls 
James Scott Elec. Eng. 
John Thompson Instrument 
Ketay 

Lancashire Dynamo Elect. 
Laurence Scott 

Louis Newmark 
Mullard Equipment 
Magneta Time Co 
Mervyn Instruments 
Miles-Hivolt 

Muirhead 


: ana- 
jogue computin 
+e Circle No. 386 


AMPLIFIERS, 


and 
magnetic servo—a.c. to 3a.c. 
* Circle No. 387 


AMPLIFIERS, 


Sperry Gyroscope 
S.S. Electronics 
Teledictor 

Tinsley, H. 

Venner Electronics 
Welmec Corporation 
Woden Transformer 


electronic 


and 
magnetic servo—a.c. to d.c. 
*% Circle No, 388 


A.E.1, 

Aero Transformers 

Airtech 

Armstrong Whitworth Equip. 
Automa Engineering 

Aveley Electric 

Bruce Peebles 

~~ Electrical 


Craven Electronics 

Davy & United Instruments 
De Havilland Propellers 
Dobbie McInnes 
Electro-Mechanical Systems 
English Electric 

Evershed & Vignoles 
Farnell Instruments 

Films & Equipments 
George Kent 

Graseby Instruments 
Gresham Developments 
Gresham Transformers 
Haddon Transformers 
Harvey Electronics 

Hirst Electronics 

Kelvin & Hughes 

Ketay 

Lancashire Dynamo Elec. 
Lancashire Dynamo Nevelin 
Laurence Scott 

Louis Newmark 

Magreta Time Co. 

N.S.R. Manufacturing 
Parmeko 

Plessey Company 
Research & Control Inst. 
Sanders (Electronics), W. H. 
S.E. Laboratories 

Sperry Gyroscope 

S.S. Electronics 

Welmec Corporation 
Wodea Transformer 


electronic - 

magnetic servo—d.c. to d.c. 
* Circle No. 389 

Aero Transformers 

A.E.1. 


Airtech 

Armstrong Whitworth Equip. 
Automa Engineering 
Automation Consultants 
Aveley Electric 
Blackburn Electronics 
Brookhirst Igranic 

Bruce Peebles 

nee Electrical 

CJI.R 

Correx 

Craven Electronics 

De Havilland Propellers 
Elliott Nucleonics 
Evershed & Vignoles 
George Kent 

Gresham Developments 
Gresham Transformers 
Haddon Transformers 
Hobson, H. M. 
Honeywell Controls 
Kendall & Mousley 
Lancashire Dynamo Elect. 
Laurence Scott 

Louis Newmark 

Magneta Time Co. 
Parmeko 

Plessey Co. 

Research & Control Inst. 
Sanders (Electronics), W. H. 
S.E. Laboratories 

S.S. Electronics 
Swartwout 

Welmec Corporation 
Woden Transformer 


electronic and 
magnetic servo—d. c. to d.c, 
AEI * Circle No. $90 


Acro Transformers 
Airmec 

Airtech 

Air Trainers Link 
Allied Electronics 
Armstrong Whitworth Equip. 
Automa Engineering 
Automation Consultants 
Aveiey Electric 

Bailey Meters & Control 
Brookhirst Igranic 
Bruce Peebics 

Brush 

CJ.R. 

Correx 
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AMP-BRI 


ven Electronics 
De Mavilland Propellers 
Evershed & Vignoles 
Electro-Mechanical Systems 
Electro Methods 
Elliot. Brothers 
Feedback 
Fieiden Electronics 
Galienkamp, A. 
George Kent 
Gresham Developments 
Gresham Transformers 
Haddon Transformers 
Harticy Electromouves 
Harvey Electronics 
Hatfield Instruments 
Hilger & Watts 
Hobson, H. M. 
James Scott Elect. Eng 

ivin & Hughes 
Toseneies Dynamo Elect. 
Laurence Scott 
Lintronic 
Louis Newmark_ 
Magneta Time Co. 
Miles-Hivolt 
Mullard Equipment 
Newman Industrics 
pene 

Ww. G. 

aad & Control Inst. 
Sanders (Electronics), W. H. 
Sangamo Weston 
Scientific Furnishings 
S.E. Laboratories 
Servomex Controls 
Solartron 
Southern Instruments 
§.S. Electronics 
Sunvic Controls 
Tinsicy, H. 
Welmec Corporation 


MPLIFIERS, hydraulic servo 
. % Circle No, 391 

A.E.1, 

Armstrong Whitworth Equip. 

Baldwin Industrial Controls 

Bell Precision 


Dowty Equipment 
Electrofio Meters 
Electro-Hydraulics 


Elliou Brothers 
Hobson, H. M. 
Integral 

Isenthal ; 
Keelavite Hydraulics 
Maxam Power 


Muirhead 
Reaveli-tahie 

S.E. Laboratories 
Short Bros. & Harland 


Welmec Corporation 


AMPLIFIERS, mechanical servo 
% Circle No, 392 

Air Trainers Link 
Baldwin Industrial Controls 
Bruce Peebles 
Electro-Hydraulics 
Graseby Instruments 
Miles-Hivolt 
Whites & Riches 


AMPLIFIERS, pneumatic servo 
% Circle No, 393 

Automa Engineering 
Bailey Meters & Control 
Baldwin Industrial Controls 
Cheltenham Autoconuols 
Electrofio Meters 
Electro-Hydraulics 
George Kent 
James Gordon 
Maxam Power 
S.E,. Laboratories 
Sigma Inst. 


AMPLIFIERS, rotating electric. 
See also Ward Leonard sets 
% Circle No, 394 
Bruce Peebles 
Brush Electrical 
English Electric 


Lancashire Dynamo Elect. 
Laurence Scott 

Mawdsicy's 

Sanders (Electronics), W. H. 
Servo & Electronic Sales 


Vernons Industrics 


ANALOGUE COMPUTERS. See 


Computers, analogue 

ANALYTICAL INSTRUMENTS, 
continuous reading for gases 
—£-ray 


% Circle No. 395 
Bellingham & Stanicy 
Eliiou Brothers 
Research & Control Inst. 


ANALYTICAL INSTRUMENTS, 
continuous reading for gases 
mical absorption 
me & Circle No, 3% 

Electrofio Meters 
Evans Ficctrosclenium 
Giass Developments 
James Gordon 

Joyce Loch! 

Kandem Electrical 
Mervyn Instruments 
Normalait 

Southern Instruments 


ANALYTICAL 


ANALYTICAL 


ANALYTICAL 


ANALYTICAL 


continuous rae for gases 
hromatogra 

ree ny, ircle No, 397 

Black Automatic Controls 

Bruce Peebies 

Eliiott Brothers 

Galienkamp, A. 

Griffin & George 

Integra Leeds 

Joyce Loeb 

Perkin-Elmer 

Pye, W. G. 


INSTRUMENTS, 
continuous reading for gases 
—infra-red 
* Circle No. 398 
Elliott Brothers 
Gallenkamp, A. 
Hilger & Watts 
Infra Red Development 
Joyce Loebi 
Kandem Electrical 
Mervyn Instruments 
Mine Safety Appliances 
Perkin- Eimer 
Piesscy Co. 
Radiovisor Parent 


INSTRUMENTS, 
continuous reading for gases 
—mass spectrometer 

* Circle No, 399 
Bruce Peebles 
Elliott Brothers 
Farnell Instruments 
Glass Developments 
M.L. Aviation Company 
20th. Century Electronics 


INSTRUMENTS, 
continuous reading for gases 
—paramagnetic 
*% Circle No. 400 

Yeckman Instruments 
ambridge Instruments 
Farnell Instruments 
Galienkamp, A. 

George Kent 

Kandem Electrical 

Research & Control Inst. 
Servomex Controls 


INSTRUMENTS, 
continuous reading for gases 
—polarograph 

. *% Circle No. 401 
B. & K. Labs. 
Cambridge Instrument 
Evershed & Vignoles 
Integra Leeds 
Mervyn Instruments 
Nash & Thompson 
Southern Instruments 


ANALYTICAL INSTRUMENTS, 
continuous reading for gases 
—refractometric 

*% Circle No, 402 
Bellingham & Stanicy 
Elliott Brothers 
Hileer & Wats 
Integra Leeds 


ANALYTICAL INSTRUMENTS, 
continuous reading for gases 
—thermal conductivity 

* Circle No, 403 
Cambridge Instrument 
Elliott Brothers 
Gallenkamp, A. 
George Kent 
Integra Leeds 
James Gordon 
Kandem Electrical 
Kelvin & Hughes 
Mine Safety Appliances 


ANALYTICAL INSTRUMENTS, 
continuous reading for gases 
—ultrasonic 


% Circle No, 404 
Elliott Brothers 


ANALYTICAL INSTRUMENTS, 
continuous reading for gases 
—ultraviolet 

% Circle No, 405 
Engelhard (Hanovia Lamps) 
Galienkamp, A 
Hilger & Watts 
Reynolds & Branson 


ANALYTICAL INSTRUMENTS, 
continuous reading for gases 


—X-ray 

* Circle No, 406 
Hileer & Watts 
Joyce Loeb 
Research & Control Inst. 
20th. Century Electronics 


ANALYTICAL INSTRUMENTS, 
continuous reading for liquids 
—colorimetric chemical ana- 
lyser 

* Circle No. 407 
Evans Electroseienium 
Galienkamp, A 
Glass Developments 
Hilger & Watts 
Joyce Loch! 
Southern Instruments 


ANALYTICAL INSTRUMENTS, 
continuous reading for liquids 
—£-ray 

% Circle No, 408 
Research & Control Inst. 


ANALYTICAL INSTRUMEMTS, ANALYTICAL INSTRUMENTS, 


continuous reading for liquids 
— infra-red 
*% Circle No, 49 
Hilger & Watts 
Integral 
Joyce Loeb 
Marvyn Instruments 
Perkin Elmer 


ANALYTICAL INSTRUMENTS, 
continuous reading for liquids 
—polarimetric 

*% Circle No, 410 
Bellingham & Stanicy 
Cambridge Instrument 
Ericsson Telephones 
Hilger & Watts 
Nash & Thompson 


ANALYTICAL INSTRUMENTS, 
continuous reading for liquids 
—refractometric 

% Circle No, 411 
Bellingham & Stanicy 
Elliou Brothers 
Hilger & Watts 


ANALYTICAL INSTRUMENTS, 
continuous reading for liquids 
—ultra-violet 

*% Circle No. 412 
Elliott Brothers 
Hilger & Wats 
Joyce Loebl 


ANALYTICAL INSTRUMENTS, 
continuous reading for liquids 
—viscosity type 

* Circle No. 413 
Elliott Brothers 


ANALYTICAL INSTRUMENTS, 
continuous reading for liquids 
—X-ray 

* Circle No, 414 
Hilger & Watts 
Research & Control Inst. 


ANALYTICAL INSTRUMENTS, 
continuous reading for liquids 
—nuclear magnetic resonance 

* Circle No, 415 
Mullard Equipment 
Research & Control Inst. 


ANNUNCIATORS 


%*% Circle No. 416 
Mimic Diagrams 
Panellit 


Thorn Electrical Industries 
BALANCING MACHINES— 


dynamic 
%*% Circle No. 417 
A.E.L. 


Alfred Herbert 

Allied Electronics 
Birficld Industries 
Brush Electrical 
B.S.A. Tools Division 
C.F.R. Giesler 

Dawe Instruments 
EMI Electronics 
Farrell Instruments 
Jackson & Bradwell 
Small Electric Motors 


BALANCING MACHINES— 
Static 
%* Circle No, 418 
Birfield Industries 
B.S.A. Tools Division 
Giesler, C. PF. R. 
Jackson & Bradwell 


BEARINGS, BALL—general 


*% Circle No. 419 
B.M.B. Sales 


Fischer Bearings 

High Precision Equipment 
Hoffmann Mfg. 

Ransome Marles Bearing 
Stewart Aero Supply 
Warden, A. 


BEARINGS, BALL—miniature 


* Circle No, 420 
B.M.B. Sales 
E.M.O. Instrumentation 
Fischer Bearings 
Hoffmann Mfg 
Miniature Bearings 
Stewart Aero Supply 


BEARINGS, NEEDLE 


%*% Circle No, 421 
INA Needle Bearings 


BAROMETERS—aircraft 
%*% Circle No, 422 
Bryans Aeroequipment 
Firth Cleveland Instruments 
Kelvin & Hughes 
Mechanism Ltd. 


BAROMETERS—mercury 


* Circle No, 423 
Bryans Aeroequipment 


Darton, F 
Griffin & George 
Neegretti & Zambra 


Newbold & Bulford 
Short & Mason 
Stanley, W. F. 


SARSHETENS—sgenting 
%*% Circle No, 424 
Appleby & Ireland 
Bristol Inst. 
Darton, P. 
Elliott Brothers 


Firth Cleveland Instruments 
Mechanism 


Negretti & Zambra 
Newbold & Bulford 
Short & Mason 


Stanley, W. F. 
BATTERIES. See Cells, electric 
BELLOWS—differential _pres- 
sure 


% Circle No. 425 
Appleby & Ireland 
Bristol Inst. 
Delta Technical Services 
Drayton Regulator 
Elliott Brothers 
Payne & Griffiths 
Teddington Ind. Equip. 


BELLOWS—leather 
* Circle No. 426 
George, Angus 
Henry Beakbane 
James W. Carr 


BELLOWS—metallic 
Circle No. 427 
Appleby & Ireland 
Avica Equipment 
Drayton Regulator 
Pioneer Designs 
Teddington Refrigeration 


BELLOWS—>plastic 


* Circle No. 428 
Henry Beakbane 


BELLOWS—rubber 
% Circle No. 429 

Delta Technical Services 
Dunlop Rubber 
George Angus 
Griffin & George 
Hall & Hall 
Henry Beakbane 
John Bull Rubber 
Precision Rubbers 
Ronald Trist 


BELLOWS—thermostatic 
* Circle No. 430 
Drayton Regulator 
Perl Controls 
‘Teddington Ind. Equip. 


BLOWERS, instrument 
% Circle No, 431 

Air Flow Developments 
Air Pumps 
Levis 
Martindale Electric 
Mortiey Sprague 
Parvalux 
Reavell-Fahie 
Volspray 
Worthington Simpson 


BOILER CONTROL 

SYSTEMS— industrial 
* Circle No. 432 

Appleby & Ireland 
Automation Systems 
Bailey Meters & Control 
Black Automatic Controls 
Blackburn Electronics 
Bristol Inst. 
British Arca Regulators 
British Sarozal 
Cheltenham Autocontrols 
Danfoss 
Electrofio Meters 
Electro-Mechanical Systems 
Electrotechnic Ltd. 
Elliott Brothers 
Evershed & Vignoles 
Fisher Governor 
Foxboro-Y oxall 
Fuel Efficiency 
George Kent 
Headland Eng. Developments 
Honeywell Controls 
Integra Leeds 
James Gordon 
John Thompson Instrument 
Joseph Lucas (H. & C.) 
Kandem Electrical 
Kelvin & Hughes 
Kingston Control Systems 
Lancashire Dynamo Elect. 
Lockheed Precision Products 
Metropolitan Engineering 
Newman Industries 
Peril Controls 
Photoelectronics (M.O.M.) 
Radiovisor Parent 
Rank Cintel 
Reavell-Fahie 
Rheostatic Co. 
Ronald Trist 
Sauter Controls 
Smith & Sons England, S. 
Teddington Ind. Equip. 
Teleflex Products 
Pye, W. G. 


BOILER CONTROL SYSTEMS 

—marine 
* Circle No. 434 

Bailey Meters & Control 
Black Automatic Controls 
Bristol Inst. 
British Arca Regulators 
Cheltenham Autocontrols 
Electroflo Meters 
Fisher Governor 
Foxboro-Yoxall 
Integra Lecds 
James Gordon 
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John Thompson I 
Joseph Lucas (H. & C.) 
Lockheed Precision Products 
Photoelectronics (M.O.M.) 
Pye, W. G. 
Radiovisor Parent 
Rank Cintel 
Reavell-Fahie 
Ronald Trist 
Teddington let 

ington Ind. Equip. 
Teleflex Products 


BOILER CONTROL SYSTEMS 
—nuclear and pang station 
ARI %*% Circle No, 435 


Appleby & Ireland 

Bailey Meters & Control 
Black Automatic Controls 
Blackburn Electronics 
Bristol Inst. 

British Arca Regulators 
Brush Electrical 
Electrofio Meters 
Electrotechnic 

Elliott Brothers 

Elliott Nucleonics 
Evershed & Vignoles 
Fisher Governor 
Foxboro-Y oxall 

George Kent 

Honeywell Controls 
Integra Leeds 

James Gordon 

John Thompson Instrument 
Joseph Lucas (H. & C.) 
Kandem Electrical 
Lockheed Precision Products 
Metropolitan Engineering 
Pye, W. G. 

Radiovisor Parent 
Ronald Trist 

Sunvic Controls 
Teddington Ind. Equip. 
Teleflex Products 


BOURDON—beliows 
*% Circle No. 436 
Appleby & Ireland 
Bristol Inst. 
Delta Technical Services 
Drayton Regulator 
Elliott Brothers 
Payne & Griffiths 


BOURDON—tubes 
* Circle No, 437 

Appleby & Ireland 
Bailey & Mackey 
Bristol Inst. 
Delta Technical Services 
Elliott Brothers 
Johnson Matthey 
K.D.G. Instruments 
Mechanism Lid. 
Payne & Griffiths 
Syduey Smith 


BRAKES—electromechanical 
AEI *% Circle No, 438 


B. & F. Carter 

Brookhirst Igranic 
Dewhurst & Partner 
Mawdsiey’s 

M.T.E. Control Gear 
Plessey Co. 

Simmons Electrical Winding 


BRAKES—hydraulic 
ARL * Circle No. 439 


Brookhirst Igranic 

Dewhurst & Partner 
Electro-Hydraulics 
Lockheed Precision Products 


BRAKES—magnetic 
*% Circle No, 440 
Autronic Developments 
Brockhirst Igranic 
Crofts 
Dewhurst & Partner 
E.C. 


Morecambe Electrical 
Oliver Pell 

Permag Equipment 

Rapid Magnetic Machines 
Simmons Electrical Winding 
Williams (B'ham), R. A, 


BRAKES—pneumatic 
* Circle No. 441 
B. & F. Carter 
Crofts 
Electro-Hydraulics 
Westinghouse Brake 


BRIDGES—a.c. 
* Circle No. 442 

Aveley Electric 
Bristol Inst. 
British Central Elec. 
British Physical Labs. 
British Sarozal 
Cambridge Instrument 
Cossor Instruments 
Cole (Overseas), R. H. 
Claude Lyons 
Elliot. Brothers 
Farnell Instruments 
George Kent 
Honcywell Controls 
Kandem Electrical 
Kelvin & Hughes 
Marconi Instruments 
Metrix Instruments 
Muirhead 





BRI-COM 


Rank Cintel Avo 
S.E. Laboratories Baldwin Industrial Controls 
Tinsley, H. Bristol Inst. 
Wayne Kerr Labs. British Central Elec. 
British Physical Labs. 
BRIDGES—<apacitance British Sarozal 
% Circle No. 443 Cambridge Instrument 
Allied Electronics Claude Lyons 


<a — Equip. 
Aveley Electri 

Avo 

British Central Elec. 

British Physical Labs. 
Cambridge Instrument 
Claude Lyons 
Cole (Overseas), R. H. 
Cossor Instruments 

Farnell Instruments 

Fielden Electronics 

Firth Cleveland Instruments 
Kandem Electrical 

Leland Instruments 


Cole (Overseas), R. H. 
Cossor Instruments 
Croydon Precision Instruments 
Doran Instrument 
Elliott Brothers 
Ericsson Telephones 
Evershed & Vignoles 
Fielden Electronics 
Gambrell Bros. 
George Kent 
Honeywell Controls 
Kandem Electrical 
Marconi Instruments 
Metrix Instruments 


Marconi Instruments Muirhead 

Metrix Instruments Nash & Thompson 
Muirhead Pye, W. G. 

Nash & Thompson Rank Cintel 


Rank Cintel 

Robinson & Partners, F. C. 
Taylor Electrical 
Telecommunication Inst. 


Robinson & Partners, F. C. 
Taylor Electrical 

Tinsley, H. 

Wayne Kerr Labs. 


Tinsley, H. White Electrical Inst. 
Wayne Kerr Labs. 
BRIDGES—-self- #e Cire W 
BRIDGES—conductivity Circle No. 450 
% Circle No. 444 Benson- tents (G.B. 
A. M. Lock British Central Elec. | 


Aveley Electric 
British Central Elec, 
Cambridge Instrument 
Doran Instrument 
Electronic Switchgear 
Farnell Instruments 
George Kent 
Honeywell Controls 
Kandem Electrical 
a cn 


Cambridge Instrument 
Electronic Switchgear 
Ericsson Telephones 
Evershed & Vignoles 

Firth Cleveland Instruments 
George Kent 

Honeywell Controls 
Telecommunication Inst. 
Wayne Kerr Labs. 


Pye, W. BRIDGES—Schering 
Research S Control Inst. %* Circle No. 451 
Tinsley, H. Aveley Electric 
Wayne Kerr Labs. pee Central Elec. 
ritish Physical Labs. 
BRIDGES—d.c. Cole (Overseas), R. H. 
¥* Circle No. 445 Gambrell Bros. 
Aveley Electri Kandem Electrical 
Bristol Inst. Marconi Instruments 
British Centra! Elec. Miles-Hivolt 
British Physical Labs. Muirhead 
British Sarozal Tinsley, H. 
Cambridge Instrument 
Claude Lyons 


BRIDGES—-strain gauge 
% Circle No. 452 
Airtech 


Boulton Paul Aircraft 

British Central Elec, 

Bryans Acrocquipment 
Croydon Precision Instruments 
Digital Engineering 

Ericsson Telephones 

Farnell Instruments 
Honeywell Controls 


Cole (Overseas), R. H. 
Croydon Precision Inst. 
Doran Instrument 
Elliott Brothers 

Farnell Instruments 
Gambrell Bros. 

George Kent 
Honeywell Controls 
Marconi Instruments 
Metrix Instruments 


Muirhead Kelvin & Hughes 
Be ts = Lintronic 
inte! New on ‘oducts 
Tinsley, H. Pye, W — 
White Electrical Inst. tad Ny, & Control Inst. 
Savage & Parsons 
BRIDGES— impedance S. E. Laboratories 


% Circle No, 446 
Aveley Electric 
British Central Elec. 
British Physical Labs. 
Claude Lyons 


Southern Instruments 
Tinsley, H 


BRIDGES— universal 
*% Circle No. 453 


Cole (Overseas), R. H. Acrocontacts 
Farnell Instruments Allied Electronics 
Marconi Instruments Avo 


Metrix Instruments 
Muirhead 

Tinsley, H. 
Wayne Kerr Labs. 


BRIDGES— inductance 
%& Circle No. 447 
Allied Electronics 
Aveley Electric 
Avo 
British Central Elec. 


British Central Elec. 
British Physical Labs. 
British Sarozal 
Cambridge Instrument 
Claude Lyons 

Farnell Instruments 
Holiday & Hemmerdinger 
Kandem Electrical 
Kelvin & Hughes 
Marconi Instruments 
Metrix Instruments 


British Physical Labs. Muirhead 

Cambridge Instrument Taylor Electrical 

Claude Lyons Tinsley, H. 

Cole (Overseas), R. H. Wayne Kerr Labs. 

Cossor Instruments 

Farnell Instruments BRIDGES—vaive 

Fielden Electronics *% Circle No. 454 

Furzehill Labs. British Central Elec. 

Marconi Instruments Claude Lyons 

Metrix Instruments Metrix Instruments 

Muirhead Taylor Electrical 

Nash & Thompsen 

Rank Cintel BRIDGES—wattmeter 

Telecommunication Inst. % Circle No. 455 

Tinsley, H. Aveley Electric 

Wayne Kerr Labs. British Central Elec. 

Decca Radar 
BRIDGES—power factor K.G.M. Electronics 
* Circle No. 448 Telecommunication Inst. 

Aveley Electric 

British Central Elec. BRIX INSTRUMENTS 

Cambridge Instrument *% Circle No. 456 

Cole (Overseas), R. H. Bellingham & Stanley 

Farnell Instruments British Arca Regulators 

Muirhead Elliott Brothers 

Miles-Hivolt George Kent 

Telecommunication Inst. Griffin & George 

Wayne Kerr Labs. Honeywell Controls 

Rotameter Mnfg. 
BRIDGES—resistance 
%* Circle No. 449 BULK E 
Allied Electronics % Circle No, 457 


Anders Electronics 
Aveley Electric 


Ampex 
Harvey Electronics 


Datum Metal Products 
Electroflo Meters 

Elliott Brothers 

Hallam Sleigh & Cheston 
Instrument Installations 
Integra Leeds 

John Thompson Instrument 
Keelavite Hydraulics 
Lintrcnic 

Lund Bros. 

Pelaphone Engines 

Plessey Co. 

Reosound Engineering 
South London Elec. Equip. 
Telecommunication Inst. 
Tiltman Langley 


CALLING SYSTEMS 


* Circle No. 459 
A.E.I. 
Autophone 
Bryan Savage 
Electromation 
L.E.C.-Sieger 
K.G.M. Electronics 
Magneta Time Co. 
Marconi I. M. Com. 
Multitone Electric 
Page Engineering 
Reosound Engineering 
Siemens Edison Swan 
Sound Diffusion 
S. S. Electronics 
Standard Telephones 


CAMERAS—hi pagent 
ircle No. 460 
Benson-Lehner (G.B.) 
Farnell Instruments 
Kodak 
Langham Thompson, J. 
Peto Scott 
Sealey Engineering 


CAMERAS—oscilloscope 


recording 

*% Circle No. 461 
Armstrong Whitworth Equip. 
Cossor Instruments 
Farnel! Instruments 
Films & Equipments 
Langham Thompson, J. 
Leland Instruments 
Peto Scott 
Rank Cintel 
Research & Control Inst. 
Shackman, 
Southern Instruments 


CAPACITORS 

* Circle No. 462 
Aveley Electric - 
B.1.C.C. 
British Sarozal 
Bulgin, A, P. 
Cole (Overseas), R. H. 
Erie Resistor 
Farnell Instruments 
Fuller Electric 
Holiday & Hemmerdinger 
Jackson Bros. 
Johnson & Phillips 
Johnson Matthey 
Kendall & Mousley 
Leland Instruments 
Muirhead 
Mullard 
Mycalex 
Plessey Co. 
Radiospares 
Standard Telephones 
Stewart Aero Supply 
Telephone Mnfg. 


CATHODE-RAY TUBES 
* Circle No. 463 
Cathodeon 
Cossor Instruments 
EMI Electronics 
Farnell Instruments 
Ferranti 
G.E.C. 
Holiday and Hemmerdinger 
Lee Products 
Leland Instruments 
Mullard 
Rank Cintel 
R.C.A. (G.B.) 
Siemens Edison Swan 
Standard Telephones 
20th. Century Electronics 


CELLS, ELECTRIC—dry 
* Circle No. 464 

British Central Elec. 
G.E.C. 
Griffin & George 
Le Carbone (Great Britain) 
Mallory Batteries 
R.C.A. (G.B.) 
Stewart Acro Supply 
Varley Dry Accumulators 
Vidor Batteries 


CELLS, ELECTRIC—fuel 
A No. 465 
Marshall of 


, ELECTRIC—miniature 
Circle No, 466 
British Central Elec. 
Mallory Batteries 
Siemens Edison Swan 
Stanley Palmer, G. A. 
Vidor Batteries 
Varley Dry Accumulators 
Venner Accumulators 


CELLS, ELECTRIC—mercury 
* Circle No 467 
Mallory Batteries 
R.C.A. (G.B.) 
Vidor Batteries 


CELLS, ELECTRIC—standard 
* Circle No. 468 

British Central Elec. 
Cambridge Instrument 
Crompton Parkinson 
Croydon Precision Instruments 
Gambrell Bros. 
Le Carbone (Great Britain) 
Muirhead 
Pye, W. G. 
Sangamo Weston 
Smith & Sons (England), S. 
Tinsley, 
Varley Dry Accumulators 
Vidor Batteries 
White Electrical Inst. 


CELLS, ELECTRIC—storage 
% Circle No. 469 

Birfield Industries 
British Central Elec. 
Crompton Parkinson 
D.P. Battery 
Griffin & George 
Mine Safety Appliances 
Nife Batteries 
Radenite Batteries 
Stanley Palmer, G. A. 
Stewart Aero Supply 
Varley Dry Accumulators 
Venner Accumulators 


CELLS, LOAD. See Load cells 


CHOPPER RELAYS. See 
Relays, electric-chopper 


CLOCKS—aircraft 
* Circle No. 
Aecrocontacts 
Devon Instruments 
Miles-Hivolt 
Stewart Acro Supply 


CLOCKS—astronomical 
* Circle No. 
Aveley Electric 
Magneta Time Co. 


CLOCKS—laboratory 
* Circle No. 

Automatic Telephone 
Aveley Electric 
British Central Elec. 
Devon Instruments 
Electric Remote Control 
Glass Developments 
Graseby Instruments 
Lancashire Dynamo Elect. 
Landis & Gyr 
Magneta Time Co. 
Pye, W. G. 
Thermionic Products 
Venner Electronics 


CLOCKS—=marine 
*% Circle No. 

Devon Instruments 
Dobbie McInnes 
Landis & Gyr 
Siemens Edison Swan 
Smith & Sons (England), S. 
Stanley & Co., W. F. 
Smiths Industrial Inst. 
Sperry Gyroscope 
Thomas Mercer 


CLUTCHES—electromechanica! 
* Circle No. 474 


470 


471 


472 


473 


Austinlite 

Autronic Developments 
Air Trainers Link 
Brookhirst Igranic 
G.E.C. 

Graseby Instruments 
Mawdsley’s 
Miles-Hivolt 

Oliver Pell 

Simmons Electrical Winding 
Tiltman Langley 


Westool 
CLUTCHES—fluid 
% Circle No. 475 
Crofts 


Electro-Mechanical Systems 
Miles-Hivolt 
S. E. Laboratories 


CLUTCHES—magnetic particle 
* Circle No, 476 
Crofts 
Miles-Hivolt 
Oliver Pell 
Smith & Sons (England), S. 
Welmec Corporation 


CLUTCHES—mechanica! 
%* Circle No. 477 
Alfred Herbert 
Birfield Industries 
Carter, B. & F. 
Crofts 
Lockheed Precision Products 
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COLORIMETERS, 





Miles-Hivolt 
Plessey Company 
Renold Chains 
Titman Langicy 


continuous 
reading. See under 
metric instruments 


COMBINATION LOGIC 
UIPM 
= * Circle No. 478 
Brookhirst Igranic 
Bruce Peebles 
Ericsson Telephones 
Gresham Developments 
Lancashire Dynamo Elect. 
Miles-Hivolt 
Mullard Equipment 
Plessey Co. 
Sanders (Electronics), W. H. 
Woden Transformer 


COMBUSTION CONTROL 
See Boiler control systems 


COMPARATORS, os. 
See under Photometric in- 
struments 


COMPARATORS —clectr teal 
* Circle No. 479 

Alfred Herbert 
Allied Electronics 
Aveley Electric 
British Central Elec. 
British Physical Labs. 
Croydon oe Instruments 
Sigma Ins 
Taylor, Taylor & Hobson 
Vernon Instrument 


COMPARATORS—lectronic 
%*% Circle No. 480 

Automatic Telephone 
Aveley Electric 
Blackburn Electronics 
British Central Elec. 
British Physical Labs. 
Craven Electronics 
Electronic Associates 
James Scott Elec. Eng. 
Lancashire Dynamo Elect. 
Leland Instruments 
Lintronic 
Plessey Co. 
Saunders-Roe 
Southern Instruments 
Teledictor 
Vernon Instrument 


COMPARATORS— impedance 
* Circle No. 481 
Aveley Electric 
British Central Elec. 
British Physical Labs. 
Claude Lyons 
Cole (Overseas), R. H. 
Dawe Instruments 
Wayne Kerr Labs. 


COMPARATORS—mechanica! 
* Circle No. 482 
Alfred Herbert 
Baty, J. E. 
Cambridge Instrument 
James Carr 
Plessey Co. 
Sigma Inst. 
Thomas Mercer 
Vernon Instrumer' 


COMPUTERS, air data 
* Circle No 
Elliott Brothers 
Gresham Developments 
Kelvin & Hughes 
Louis Newmark 
Marconi. W. T 


COMPUTERS, 

cal analogue 
*% Circle No. 484 

Aveley Electric 
Air Trainers Link 
Evershed & Vignoles 
Elliott Brothers 
Gresham Developments 
Integral 
Robinson & Partners, F. C 
Servo & Electronic Sales 
Teledictor 
White & Riches 


COMPUTERS, electronic 
logue—general purpose 
% Circle No. 485 

A.E.I. 


Airmec 

Air Trainers Link 
Armstrong Whitworth Equip. 
Bruce Peebles 
Electronic Associates 
Elliott Brothers 

Elliott Nucleonics 

EMI Electronics 
English Electric 
Evershed & Vignoles 
Fairey 

Gresham Developments 
Joyce Loebel 

Laurence Scott 

Louis Newmark 
Miles-Hivolt 

Nash & Thompson 
Panellit 

Robinson & Partners, FP. C. 
Royston Instruments 
Saunders-Roe 

Short Bros. & Harland 


483 


electromechani- 


ana- 



















































































































COM-COU 


1966 COMPUTERS, electronic ana- 


Solartron 
Winston Electronics 


+ Cate te, 406 


Air “Trainers Link 
Armstrong Whitworth Equip. 
Blackburn Electronics 


Bruce Peebles 

Brush Electrical 

De Havilland Propeliers 
Digital Engineering 
Elect 


Gresham Developments 
Integrai 

Joyce Loebi 

Louis Newmark 
Miles-Hivolt 

Nash & Thompson 
Newman Industries 
Pancilit 

Plessey Co. 

Saunders- Roc 
Servomex Controls 
Short Bros. & Harland 
Solartron 

Sunvic Controls 
Teledictor 

White & Riches 
Winston Electronics 


COMPUTERS, electronic digital 
—differential analyser 
% Circle No, 487 
Armstrong Whitworth Equip. 
Elliott Brothers 
Gresham Developments a“ 
COMPUTERS, electronic digital 


—general purpose 
% Circle No. 488 
A.E.1. 


Brush Electrical 
Burroughs 

Elliott Brothers 

EMI Electronics 
English Electric 
Ferranti 

IBM United Kingdom 
1.C.T. 

Leo Computers 
Panellit 

R.C.A. (G.B.) 
Royston Instruments 
Standard Telephones 


COMPUTERS, electronic digital! 
—special purpose 
*% Circle No. 489 
De Havilland Propellers 
Elliott Brothers 
Epsylon Industries 
Ferranti 
Gresham Developments 
Leo Computers 
Lintronic 
Nash & Thompson 
Newman Industries 
Panceilit 


COMPUTERS, mechanical 


logue 

* Circle No. 490 
Air Trainers Link 
Elliott Brothers 
Gresham Developments 
Laurence Scott 
Servo & Electronic Sales 


CONTROLLERS. for general 
purpose controllers see 
under method of operation 
(i.e. Controllers, electric, 


——— or hydraulic). 
‘or single-purpose control- 


lers see under the physical 
quantity concerned § (e.g. 
Temperature controllers). 


CONTROLLERS, automatic 
ratio—electric inputs 
*% Circle No. 491 


ana- 


Bristol Inst. 

British Arca Regulators 
Crater Products 

Craven Electronics 

De Havilland Propellers 
Electroflo Meters 

Elliott Brothers 

Evershed & Vignoles 
Hobson, H. M. 
Honeywell Controls 
Integra 

John Thompson Instrument 
Laurence Scott 
Lancashire Dynamo Elect. 
Lindars Automation 
Piessey Co. 
Reavell-Fahie 

Research & Control Inst. 
Swartwout 

Taylor Controls 
Timothy Eaton 

Watford Electric 
Welmec Corporation 


CONTROLLERS, automatic 
ratio—pneumatic inputs 
*% Circle No. 492 
Appleby & Ireland 
Bailey Meters & Control 
Bristol Inst. 


George Kent 
Hobson, H. M. 
Honeywell Controls 
Integra Leeds 
James 
Reavell-Fahie 
Sunvic Controls 
Taylor Controls 
Timothy Eaton 


CONTROLLERS, electrical— 


floating 

* Circle No. 493 
A. M. Lock 
Automation Systems 
British Arca Regulators 
Electroflo Meters 
Foster Instrument 
Fuel Efficiency 
Gresham Developments 
Headland Eng. Developments 
Honeywell Controls 
Isenthal 
James Gordon 
Lancashire Dynamo Elect. 
Laurence Scott 
Rheostatic Co. 
Sauter Controls 
Teddington Ind. Equip. 
Telemeters 


CONTROLLERS, electrical— 

proportional 
* Circle No. 494 

Bailey Meters & Control 
Bristol Inst. 
British Arca Regulators 
C.N.S. Instruments 
Dewrance 
Drayton Regulators 
Electrofio Meters 
Elliott Brothers 
Elliott Nucleenics 
Ether 
Foster Instrument 
Fuel Efficiency 
Gresham Developments 
Headland Eng. Developments 
Honeywell Controls 
Integra Leeds 
Isenthal 
James Gordon 
Kelvin & Hughes 
Lancashire Dynamo Elect. 
Laurence Scott 
Rheostatic Co. 
Sanders (Electronics), W. H. 
Sauter Controls 
Sifam Electrical Instrument 


South London Elec. Equip. 
Swartwout 

Taylor Controls 
Teddington Ind, Equip. 


Telemeters 
Vidor Batteries 
Welmec Corporation 


CONTROLLERS, electrical— 

proportional-integral 
*% Circle No. 

Bailey Meters and Control 
Bristol Inst. 
British Arca Regulators 
Dewrance 
Elliott Brothers 
Elliott Nucleonics 
Evershed & Vignoles 
Foster Instrument 
Fuel Efficiency 
Gresham Developments 
Headland Eng. Developments 
Honeywell Controls 
Integra Leeds 
James Gordon 
Lancashire Dynamo Elect. 
Laurence Scott 
Rheostatic Co. 
South London Elec. Equip. 
Sperry Gyroscope 
Swartwout 
Taylor Controls 
Teddington Ind. Equip. 
Welmec Corporation 


495 


CONTROLLERS, electrical— 
proportional-integral-deriva- 
tive 

* Circle No. 496 
Bailey Meters & Control 
Bristol Inst. 
British Arca Regulators 
Dewrance 
Elliott Brothers 
Elliott Nucleonics 
Evershed & Vignoles 
Foster Instrument 
Gresham Developments 
Honeywell Controls 
Integra Leeds 
James Gordon 
Laurence Scott 
Kandem Electrical 
Lancashire Dynamo Elect. 
Research & Control Inst. 
Swartwout 
Taylor Controls 
Teddington Ind. Equip. 
Welmec Corporation 


CONTROLLERS, electrical— 
two position (eg. on-off ) 
* Circle No, 497 
Addison Electric 
Automation Systems 
Bailey Meters & Control 


Elliou. Brothers 
Elliott Nucieonics 
— Telephones 


Firth Cleveland Instruments 
Foster Instrument 
Foxboro-Y oxall 

Fuel Efficiency 

George Kent 

Gresham Developments 
Headland Eng. Developments 
Honeywell Controls 
Industrial Pyrometer 
Integra Leeds 

James Gordon 

John Thompson Instrument 
Kandem Electrical 

K.D.G. Instruments 
Kelvin & Hughes 
Lancashire Dynamo Elect. 
laurence Scott 

Metrix Instruments 
Negretti & Zambra 

Plessey Company 

Pye, W. G. 

Research and Control Inst. 
Rheostatic Co. 

Robinson, D. 

Sanders (Electronics), W. H. 
Sauter Controls 

Sifam Electrical Instrument 
South London Elec. Equip. 
Teddington Ind. Equip. 
Telemeters 

Vidor Batteries 

Venner Electronics 
Welmec Corporation 


CONTROLLERS, hydraulic— 

floating 
*% Circle No, 498 

British Arca Regulators 
Electro-Hydraulics 
Electrofio Meters 
Lockheed Precision Products 
Oswalds & Ridgway 
Reavell-Fahie 
Spirax-Sarco 


CONTROLLERS, hydraulic— 

proportional 
*% Circle No. 499 

Bell Precision 
British Arca Regulators 
Dowty Equipment 
Electrofio Meters 
Evershed & Vignoles 
Electro-Hydraulics 
H.M.L. 
Integral 
Lockheed Precision Products 
P.A.R. 
Reavell-Fahie 


CONTROLLERS, hydraulic— 

proportiona|-integral 

* Circle No. 500 
British Arca Regulators 
Dowty Equipment 
Electrofio Meters 
Evershed & Vignoles 
Electro-Hydraulics 
H.M.L. 
Lockheed Precision Products 
Reavell-Fahie 


CONTROLLERS, hydraulic— 
proportional-integral-deriva- 


tive 

* Circle No. 501 
British Arca Regulators 
Dowty Equipment 
Electrofio Meters 
Electro-Hydraulics 
H.M.L. 
Lockheed Precision Products 
Reavell-Fahie 


CONTROLLERS, hydraulic— 

two position (e.g. on-off) 
* Circle No. 502 

Birfield Industries 
British Arca Regulators 
Dowty Equipment 
Dowty Hydraulic Units 
Electro-Hydraulics 
High Pressure Components 
H.M.L. 
Integral 
Lockheed Precision Products 
Oswalds & Ridgway 
Reavell-Fahie 
Spirax-Sarco 


CONTROLLERS, pneumatic— 


floating 

* Circle No. 503 
Automation Systems 
British Arca Regulators 
Electrofio Meters 
Electro-Hydraulics 
Foxboro-Y oxall 
Honeywell Controls 
James Gordon 
Sunvic Controls 
T. A. L. Numatics 
Taylor Controls 


CONTROLLERS, pneumatic— 


pro ional 
hie Circle No. 504 
British Arca Regulators 
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George Kent 
Honeywell Controls 
Integra 

James Gordon 
Negretti & Zambra 
Samson Controls 
Sunvic Controls 
Sauter Controls 
T. A. L. Numatics 
Taylor Controls 
Westi Br. 


CONTROLLERS, pneumatic— 

proportional-integral 
% Circle No. 505 

Bristol Inst. 
British Arca Regulators 
Bailey Meters & Control 
Cheltenham Autocontrols 
Crosby Valve & Eng. 
Drayton Regulator 
Electrofio Meters 
Electro-Hydraulics 
Elliott Brothers 
Elliou. Nucleonics 
Fish-r Governor 
Foxboro-Yoxall 
George Kent 
Honeywell Controls 
Integra Leeds 
James Gordon 
Negretti & Zambra 
Samson Controls 
Sunvic Controls 
Sauter Controls 
Taylor Controls 
Westinghouse Brake 


CONTRULLEKS, pneumatic— 
proportional-integral-deriva- 


tive 

* Circle No. 506 
Bristol Inst. 
British Arca Regulators 
Bailey Meters & Control 
Cheltenham Autocontrols 
Electrofio Meters 
Electro-Hydraulics 
Elliott Brothers 
Elliott Nucleonics 
Foxboro-Y oxall 
George Kent 
Honeywell Controls 
Integra Leeds 
James Gordon 
Negretti & Zambra 
Sigma. Inst. 
Sunvic Controls 
Sauter Controls 
Taylor Controls 


CONTROLLERS, pneumatic— 
two position (e.g. on-off ) 
*% Circle No, 507 

Air Automation 
Bailey Meters & Control 
Birfield Industries 
British Arca Regulators 
Crosby Valve & Eng. 
Drayton Regulator 
Electroflo Meters 
Electro-Hydraulics 
Elliott Brothers 
Elliott. Nucleonics 
Fisher Governor 
Foxboro-Y oxall 
Honeywell Controls 
High Pressure Components 
Integra Leeds 
James Gordon 
Sauter Controls 
Sunvic Controls 

A. L. Numatics 
Taylor Controls 
Westinghouse Brake 


CONTROLLERS, 

electrical output 
* Circle No. 508 

Automation Systems 
A.E.I, 
Aveley Electric 
Bristol Inst. 
British Sarozal 
Burrell, A. B. 
Bruce Peebles 
British Federal Welder 
Cambridge Instrument 
Craven Electronics 
De Havilland Propellers 
Digital Engineering 
Elcontrol 
Electric Remote Control 
Electrofio Meters 
Elliott Brothers 
Ericsson Telephones 
Ether 


Foster Instrument 
Gresham Developments 
George Kent 

Honeywell Controls 
Integra Leeds 

Lancashire Dynamo Elect. 
Lindars Automation 
Magneta Time Co. 
Nickols Automatics 
Radiatron 

Research & Control Inst. 


Pprogramme— 


CONTROLLERS, programme— 


matic output 
—_ % Circle No. 509 


Foxboro-Yoxall 

George Kent 

Honeywell Controls 

James Gordon 

Nickols Automatics 

Sauter Controls 

Sutton Coldfield Elec. Eng. 
Taylor Controls 

Thomas Walker 


COUPLINGS, PIPE—quick-re- 


lease 

*% Circle No. 510 
Airtech 
Albert Mann Eng. 
Alfred Bullows 
A. Schrader’s Son 
Avery Hardoll 
Avimo . 
Drallim Industries 
Dunlop Rubber : 
Dowty Hydraulics Units 
Feeny & Johnson 
Flight Refuelling 
Guyson Industrial Equip. 
High Pressure Components 
H.M.L. 
Joseph Lucas (H. & C.) 
Lockheed Precision Products 
Thos. Ryder 
Volspray 


COUPLINGS, PIPE—+self-seal- 


_ Circle No. 511 
Armstrong Whitworth Equip 
A, Schrader’s Son 

Avery Hardoll 

Avimo . 

Dowty Hydraulic Units 
——- Rubber 


Exact 

Flight Refueling 

Guyson Industrial Equip. 

High Pressure Components 

H.M.L. 

Joseph Lucas (H. & C.) 

Lockheed Precision Products 

N.G.N. Electrical 

Thos. Ryder ' 


COUPLINGS, SHAFT—flexible 
* Circle No. 512 
Air Trainers Link 
Birfield Industries 
Crofts 
Icknield Engineering 
Jackson Bros. 
James W. Carr 
Pioneer Designs 
Renold Chains 
Servomex Controls 
Smith & Sons (England), S. 
Standage Power Couplings 
Warden & Co., A. 
White Dental Mfg. 


COUPLINGS, SHAFT—minia- 


ture 
* Circle No. 513 
Bulgin, A. 
Drayton Regulator 
Icknield Engineering 
Jackson Bros. 
Pioneer Designs 


COUNTERS—batch 
% Circle No. 514 
A.E.I. 


Airmec 

Airtech 

Ariel Sound 

Atkins Robertson 

Automa Engineering ‘ 
Automation Consultants 

B. & F, Carter 

British Federal Welder 

Bruce Peebles 

Counting Instruments 

Craven Electronics 

De Havilland Propellers 

Digital Engineering 

Elcontrol 

Ericsson Telephones 

Farnell Instruments 

Firth Cleveland Instruments 

H. & B. Precision Eng. 

Hasler Telegraph Works 

Icknield Engineering 
K.G.M, Electronics 
Lancashire Dynamo Elect. 

Langham Thompson, J. 

Lindars Automation 

Lintronic ; 
Londex 


Mullard Equipment 
Newman Industries 











Venner Electronics 
Welmec Corporation 
Winston Electronics 


COUNTERS—binary 
* Circle No. 515 
Airmec 


Airtech 

Allied Electronics 
Automation Consultants 
Bruce Peebles 

Counting Instruments 
Craven Electronics 

De Havilland Propellers 
Digital Engineering 
Dynatron Radio 
Ericsson Telephones 
Gresham Developments 


K.G.M. Electronics 
Lancashire Dynamo Elect. 
Lindars Automation 
Lintronic 

Newman Industries 
Racal Instruments 

Rank Cintel 

Research & Control Inst. 
Veeder-Root 

Venner Electronics 
Winston Electronics 


COUNTERS—decade 
%* Circle No. 516 

Advance Components 
Airmec 
Airtech 
Allied Electronics 
Ariel Sound 
Automation Consultants 
British Federal Welder 
Bruce Peebles 
Carter, B. & FP. 
Craven Electronics 
De Havilland Propellers 
Digital Engineering 
Dynatron Radio 
Ekco Electronics 
Elcontrol 
Elliott Nucleonics 
Ericsson Telephones 
Erie Resistor 
Farnell Instruments 
Firth Cleveland Instruments 
Fleming Radio 
General Controls 
H. & B. Precision Eng. 
Hirst Electronic 
Integral 
K.G.M. Electronics 
Labgear 
Lancashire Dynamo Elect. 
Langham Thompson, J. 
Lintronic 
Marconi Instruments 
Mullard Equipment 
Newman Industries 
Panax Equipment 
Photoelectronics (M.O.M.) 
Racal Instruments 
Radiovisor Parent 
Rank Cintel 
Research & Control Inst. 
Sciaky Electric Welding 
Stonebridge Electrical 
Timothy Eaton 
Vidor Batteries 
Veeder-Root 
Venner Electronics 
Welmec Corporation 
Winston Electronics 


COUNTERS—<geiger 
% Circle No. 517 


Airmec 

Aveley Electric 

Dynatron Radio 

Ekco Electronics 
Ericsson Telephones 
General Radiological 
Isotope Developments 
Labgear 

Panax Equipment 
Radiation Monitors 
Rank Cintel 

Research & Control Inst. 
20th. Century Electronics 
Vidor Batteries 


COUNTERS—neutron 
* Circle No. 
Plessey Nucleonics 


COUNTERS— impulse 
* Circle No. 

Advance Components 
Aveley Electric 
British Federal Welder 
Bruce Peebles 
Carter, B. & F. 
Counting 


518 


519 


Elcontrol 
English Numbering Machine 





nglis 
Jack Davis Relays 
K.G.M. Electronics 


Labgcar 

Lancashire Dynamo Elect. 
Langham Thompson, J. 
Lintronic 

Londex 

Measurement Ltd. 
Mullard Equipment 
Racal Instruments 
Radiatron 

Radiovisor Parent 

Rank Cintel 

Research & Control Inst. 
Sciaky Electric Welding 
Smiths Industrial Inst. 
Stonebridge Bieetrical 
Thomas Walker 
Timothy Eaton 
Veeder-Root 

Venner 

Winston Electronics 


COUNTERS—mechanica! 
Circle No. 520 

Carter, B. & F. 
Counting Instruments 
Devon Instruments 
English Numbering Machine 
Firth Cleveland Instruments 
General Controls 
H,. & B. Precision Eng. 
Hasler Telegraph Works 
Icknield Engineering 
Kontak Manufacturing 
Langham Thompson, J. 
Radiatron 
Robert Pringle & Sons 
Smiths Industrial Inst. 
Thomas Walker 
Veeder-Root 
Winston Electronics 


COUNTERS—>photocel! 
% Circle No. 521 
A.E.L 


Airmec 

Allied Electronics 

Ariel Sound 

Atkins Robertson 
Auteoma Enginecring 
Bruce Peebles 

Counting Instruments 
Craven Electronics 
Digital Engineering 
Elcontrol 

Ericsson Telephones 
Farnell Instruments 

Firth Cleveland Instruments 
General Electric 

H. & B. Precision Eng. 
Lancashire Dynamo Elect. 
Lintronic 

Londex 

Mullard Equipment 
Newman Industries 
Photoelectronics (M.O.M.) 
Radiovisor Parent 
Sargrove Electronics 
Sciaky Electric Welding 
Stonebridge Electrical 
Sutton Coldfield Elec. Eng. 
Thomas Walker 

Timothy Eaton 

Tyer 

Veeder-Root 

Venner Electronics 
Winston Electronics 


COUNTERS—printing 
* Circle No. 522 

Counting Instruments 
Craven Electronics 
English Numbering Machine 
Ericsson Telephones 
Labgear 
Mullard Equipment 
Radiatron 
R.C.A. (G.B.) 
Stonebridge Electrical 
Veeder-Root 
Winston Electronics 


Ra 


COUNTERS—revolution 
* Circle No. 523 

Armstrong Whitworth Equip. 
Atkins Robertson 
Automation Consultants 
Bruce Peebles 
Carter, B. & F. 
Counting Instruments 
Craven Electronics 
Devon Instruments 
Ericsson Telephones 
Erie Resistor 
English Numbering Machine 
Farnell Instruments 
Firth Cleveland Instruments 
General Controls 
Hasler Telegraph Works 
Icknield Engineering 
Integral 
James W. Carr 
Labgear 
Lancashire Dynamo Elect. 
Langham Thompson, J. 
Lintronic 
Mullard Equipment 
Racal Instruments 
Radiatron 
Rank-Cintel 
Rotert Pringle & Sons 


Smith & Sons Ss. 


(England), Vernons Industries 
Smiths Industrial Inst. Whitetrade 
Stonebridge Electrical 


D.E.V. Engineering 
Drayton Regulator 
Metropolitan 


Thomas Water ar me , electrical— John Thompson Instrument 
Veeder—Root rotary d.c.-a.¢. 
Venner Electronics * Circle No. 530 DAMPERS, preci raulic 
— Seiiah Central Blec Bell Precision’ es 
COUNTERS—scintillation Bruce Peebles ; British Arca Regulators 
% Circle No. 524 English Electric D.B.V, Enginecring 
Airmec Films & Equipments Dowty Equipment 
a oe ie 
t ge 
Ericsson T Magneta Time Co. H.M.L. 
General Radiological Mawdsiey’s Integral 
Isotope Developments Mortley Sprague Kinetrol s 
Joyce Loebel Newton Brothers (Derby) Lockheed Precision Products 
Plessey Co. Maxam Power 
Mervyn Instruments Sanders (Electronics), W. H. Metropolitan Engineering 
Nuclear Enterprises Small Electric Motors Reavell-Fahie 
Panax Equipment Stewart Acro Supply Schrader’s Son, A. 
Plessey Nucleonics Vernons Industries aie 
Rank-Cintel Walter Jones DAMPERS, precision—pneuma- 
Research & Control Inst. Whitetrade tic 
20th. Century Electronics Wilkinson (Croydon), L. atin ie sae we No, 541 
i i it ca ulators 
Vidor Batteries CONVERTERS, electrical— DEV. Ensineeting 
i mercury arc Dri Regulat 
— date—enslogue te Circle No. 531 Lame Pucumatic 
% Circle No. 525 A-E.I. Maxam Power 
A.E.L. i Austinlite Metropolitan Engineering 
Armstrong Whitworth Equip British Central Elec. Stuart Davis 
Benson-Lehner (G.B.) ' ‘Bruce Peebles Schrader's Son, A. 
B. & K. Labs. poh English Electric 
Blackburn Electronics G.B.C, , DATA LOGGING EQUIPMENT 
Bruce Peebles Hackbridge & Hewittic % Circle No. 542 
Bryans Acroequipment Hirst Electronics Airtech 
CNS. Instruments Lancashire Dynamo Nevelin Ampex Electronics 
Colvern Miles-Hivolt Benson Lehner (G.B.) 
Davy & United Instruments — CONVERTERS, electrical mag rama 
Di a a 7s —transistorized a.c.-d.c. CNS. Instruments 
— ome ng ie Circle No. 532 Decca Radar 
Electronic Associates eae Eee _ De Havilland Propellers 
Elliott Brothers Digital Engineering 
Elliott Nucleonics CONVERTERS, electric-hydrau- ee 
2psylon justries lic : ssocial 
Ericsson Telephones # Circle No. 533 Elliott. Nucleonics 
Bvershed & Vignoles Appleby & Ireland —— —— 
-BE.C. Dewrance aa Phones 
General Controls Electroflo Meters G.E.C. 
Gresham Developments Evershed & Vignoles General Controls 
Hilger & Watts Integral Gresham Developments 
Lindars Automation Reavell-Fahie Hilger & Watts 
Lintronic Woden Transformer Honeywell Controls 
Marconi, W. T. Integra Leeds 
Mullard’ Equipment CONVERTERS, electric-pneu- James Scott (Elec. Eng.) 
Nash & Thompson matic Lancashire Dynamo 
Plessey Co. % Circle No. 534 Lindars Automation 
Racal Instruments Appleby & Ireland Lintronic 
Research & Control Inst British Arca Regulators Monroe 
Royston Instruments Bailey Meters & Control Panellit 
S.E. Laboratories Dewrance Plessey Co 
Solartron Electrofio Meters Solartron 
Southern Instruments Evershed & Vignoles Sound Diffusion 
Sunvic Controls Elliott Brothers Southern Instruments 
Swartwout Elliott Nucleonics Sunvic Controls 
Venner Ele : Fisher Governor Thermionic Products 
Wel Goa Foxboro-Y oxall 
elme i 
. Reavell-Fahie DATA PROCESSING SYSTEMS 
Swartwout employing a digital com- 
eS SE a Taylor Controls puter) ; 
ircle No. 
Fomentl ss ssmene CURRENT—limiters a. ane 
i ) - *% Circle No. 535 Arms i 
Lindars Automation British Central Elec. Brush Se ~—. 
ore > Brookhirst Igranic Burroughs 
C.A, -B. Bruce Peebles Decca R 
—— a Craven Electronics Digital re 
_ n Instruments Dewhurst & Partner Electro-Mechanical Systems 
nderwood ae Electric EMI Electronics 
andis & Gyr i lectri 
CONVERTERS,  date—digitsl- Sanders (Electronics), W.H. nie Teduecies 
analogue Siemens-Schuckert Ferranti 
a wh Circle No, 527 Stewart Aero Supply Gallenkamp, A 
rmstrong itworth Equip. ham Develc 
Benson-Lehner (G.B.) _—_ CURRENT—regulators — ee 
B. & K. Labs AEI *& Circle No. 536 Honeywell Controls 
Bruce Peeblk omsone i i 
De Havilland Propellers Allied Electronics — — 
Digital Engineering A.P.T. Electronic Industries Intesra I ds 
Dobbie McInnes British Central Elec. a 1 eb 
Electronic Associates British Sarozal Soon n Ind i 
Ericsson Telephones Brookhirst Igranic Panellit ames 
Gresham Developments Bruce Peebles R.C.A. (G.B.) 
Integral Brush Electrical Royston Instruments 
Lancashire Dynamo Elect. Coventry Controls Standard Teleph 
Lintronic Craven Electronics Sunvie C 7 — can 
Marconi, W. T. English Electric > en 
Newman Industries _ bn a a re 
Plessey Co. ohn Morris Elec. Eng. 
Royston Instruments Kasama Electronics = en See 
S.E. Laboratories Laurence Scott is aeaeee end ee 
Southern Instruments reg Dynamo Elect. Ce, cee 
Winston Electroni ¢ewport Instruments ens 
re Sanders (Electronics), W. H. pa ta AND SPECIFIC 
CONVERTERS, data—tape-card _ Stewart Acro Supply eee 
" . % Circle No. 528 CURVE FOLLOWERS 
erranti —automatic DENSITY AND _ SPECIFIC 
Gresham Developments % Circle No. 537 GRAVITY CONTROLLERS — 
Marconi, W. T. Benson-Lehner (G.B.) electric output 
R.C.A. (G.B.) Cambridge Instruments 7 Circle No. 544 
Royston Instruments Craven Electronics British Arca Regulators 
Timothy Eaton Electronic Associates Craven Electronics 
1.E.C.-Sieger Ekco Electronics 
CONVERTERS, electrical— Lancashire Dynamo Elec. Elliott Brothers 
rotary a.c.-d.c. Seeley Engineering Elliot. Nucleonics 
% Circle No. 529 Southern Instruments Evershed & Vignoles 
a3, “ Telecommunication Inst. George Kent 
t tral ‘i 
a a CURVE FOLLOWERS—manuai — {niearal | 
English Electric % Circle No. 538 Pye & Co., W. G 
Films & Equipments Benson-Lehner (G.B.) Rotameter Mnig. — 
G.E.C. 1.E.C.-Sieger Timothy i 
Laurence Scott CYLINDERS eumatic and 
EE ie hydraulic. Actuators, DENSITY AND _ SPECIFIC 
Newton Brothers (Derby) paeumetio-lncer “aaa aa 
I 
Small Electric —" _ oe cae No 539 British Ar S la fe 
le No. 
Stewart Aero Supply British poss hea iv = 


% For further details circle on card facing page 214 


Crosby Valve & Eng. 
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DENSITY AND SPECIFIC GRA. 
VITY indicators, ga 
cific gravity balance 
%*% Circle No. 546 
Griffin & George 
Samson Controls 
Sigma Inst. 


DENSITY AND SPECIFIC GRA- 
VITY INDICATORS, liquids 
—air bubbler systems 

*% Circle No, 348 
Bailey Meters & Control 
Bristol Inst. 
Cheltenham Autocontrols 
Electrofio Meters 
Elliott Brothers 
Elliott Nucleonics 
Fisher Governor 
Foxboro-Y oxall 
George Kent 
Honeywell Controls 
Sunvic Controls 
Taylor Controls 
Williams & James 


DENSITY AND SPECIFIC GRA- 


VITY INDICATORS, liquids 
—balanced flow 

* Circle No. 549 
Etliott Nucleonics 
Taylor Controls 


DENSITY AND SPECIFIC GRA- 
VITY INDICATORS, liquids 
—displacement methods 

% Circle No. 550 
Appleby & Ireland 
Crosby Valve & Eng. 
Electrofio Meters 
Evershed & Vignoles 
Fisher Governor 
Sunvic Controls 


DENSITY AND SPECIFIC GRA- 
VITY INDICATORS, liquids 
—liquid purge systems 

% Circle No. 551 
Electrofio Meters 
Elliott Brothers 
George Kent 
K.D.G. Instruments 
Taylor Controls 


DENSITY AND SPECIFIC GRA- 
VITY INDICATORS, liquids 
—other than the preceding 


types 
%* Circle No. 552 
Ekco Electronics 
Firth Cleveland Instruments 
Griffin & George 
Integral 
Isotope Developments 
Pye & Co., W. G. 
Rotameter Mnfg. 


DEW-POINT INDICATORS. 
See Humidity indicators 


DIAPHRAGMS. valve—leather 


* Circle No. 553 


Black Automatic Controls 
Graton & Knight 

George Angus 

Henry Beakbane 
Metropolitan Engineering 
Perl Controls 


DIAPHRAGMS, valve—metallic 


% Circle No. 554 


Appleby & Ireland 

Black Automatic Controls 
Elliott Brothers 

Kelvin & Hughes 
Mechanism 

Peri Controls p 
Palatine Tool & Eng. 
Saunders-Roe 


DIAPHRAGMS, valve—plastic 


% Circle No. 555 


Cooper & Co. 

Delta Technical Services 
Henry Beakbane 
Saunders Valve 


DIAPHRAGMS, valve—rubber 


% Circle No. 556 


Crosby Valve & Eng. 
Delta Technical Services 
Dunlop Rubber 

George Angus 

Hall & Hall 

N.G.N. Electrical 

Perl Controls 


DIFFERENTIAL 
METERS. See also 


DIFFERENTIAL 


DIFFERENTIAL 


PRESSURE 


PRESSURE 


Cheltenham Autocontrols 
Dewrance 


Electrofio Meters 
Evershed & Vignoles 
Elliott Brothers 
Eltiou. Nucieonics 
Foxboro-Y oxall 
George Kent 
Honcywell Controls 


Sunvic Controls 
Swartwout 
Taylor Controls 


PRESSURE 
METERS—force-balance 
*% Circle No. 558 
Boulton Paul Aircraft 
Bristol Inst. 
Cheltenham Autocontrols 
Electrofio Meters 
Elliott Brothers 
Elliot: Nucleonics 
Evershed & Vignoles 
Fischer & Porter 
Foxboro-Y oxall 
George Kent 
Honeywell Controls 
James Gordon 
Joseph Lucas (H. & C.) 
Kandem Elecwical 
Kelvin & Hughes 
Swartwout 
Taylor Controls 


PRESSURE 
METERS—liquid-filled man- 


ometers 

* Circle No, 559 
Air Flow Developments 
Bristol Inst. 
Bryans Acroequipment 
Electrofio Meters 
Elliott Brothers 
Elliott Nucleonics 
Evershed & Vignoles 
Foxboro-Yoxall 
Fuel Efficiency 
George Kent 
Hobson, H. M. 
James Gordon 
John Thompson Instrument 
Kandem Electrical 
Nottingham Thermometer 


Sydney Smith 
Walker Crosweller 
DIFFERENTIAL PRESSURE 


METERS—mercury float-type 
manometers 

%* Circle No. 560 
Bristol Inst. 
Bryans Acroequipment 
Electroflo Meters 
Elliott Brothers 
Elliott Nucleonics 
Evershed & Vignoles 
Foxboro-Y oxall 
Fuel Efficiency 
George Kent 
James Gordon 
John Thompson Instrument 
Kandem Electrical 
Kelvin & Hughes 
Taylor Controls 


DIFFERENTIAL 
type meters 


%* Circle No. 561 
Electrofio Meters 


DIFFERENTIAL PRESSURE 
a — others (specify 
type 


% Circle No. 562 
David Harcourt 
Fielden Electronics 
K.D.G. Instruments 


Lintronic 
Saunders-Roe 

DIGITIZERS. See Converters, 
data-ana' igital 


DISPLACEMENT TRANSDU. 
CERS (giving electrical out- 


put )—linear 


¥% Circle No. 563 


Armstrong Whitworth Equip. 
Automa Engineering 
Boulton Paul Aircraft 
British Arca Regulators 
Brookhirst Igranic 

Bruce Peebles 

Brush Electrical 

Bryans Acroequipment 
C.I.R. 

C.N.S. Instruments 
Craven Electronics 
Dewrance 

Electrofio Meters 
Electro-Mechanical Systems 
Elliott Nucleonics 
Evershed & Vignoles 


Fred Ferraris 
Fielden Electronics 
Graseby Instruments 
G.E.C. 


Giesler, C. F. R. 
Griinther Ind. Developments 


PRESSURE 
METERS — weight-balance 


Hilger & Watts 


Paton Hawksicy 
Research & Control Inst. 
Salford Elec. Instruments 
S.E. Laboratories 

Short Bros. & Harland 
Smiths Industrial Inst. 
Southern Instruments 
Sperry Gyroscope 
Swartwout 
Telecommunication Inst. 
Wayne Kerr Labs. 


DISPLACEMENT TRANSDU- 
CERS (giving electrical out- 
put )—rotary 


% Circle No. 564 
Atkins, Robertson & W. 
British Arca Regulators 
Colvern 

Electrofio Meters 

Ericsson Telephones 
Evershed & Vignoles 

Fred Ferraris 

Grinther Ind. Developments 
Hilger & Watts 

Lancashire Dynamo Elect. 
Paton Hawksicy 

Racal Instruments 

Short Bros. & Harland 
Smith Industrial Inst. 
Sperry Gyroscope 

S.B. Laboratories 

Woden Transformer 


DISPLAY INDICATORS, in-line 


—electronic tube 
% Circle No. 565 

Blackburn Electronics 
British Central Elec. 

Radar 
Digital Engineering 
Ericsson Telephones 
Firth Cleveland Instruments 
K.G.M, Electronics 
Lancashire Dynamo Elect. 
Marconi, W. T 
Paton Hawksley 
Racal Instruments 
Rank Cintel 
Soutbern Instruments 
Standard Telephones 
Timothy Eaton 
Winston Electronics 


DISPLAY INDICATORS, in-line 


—optica! 
*% Circle No. 566 
Bailey, Sie W. H. 
British Sarozal 
Digital Engineering 
Dowty Nucleonics 
Hilger & Watts 
Laurence Scott 
Pullin, R. B. s 
Winston Electronics 


DRAUGHT GAUGES AND 

INDICATORS 
%*% Circle No, 567 

Airflow Developments 
Appleby & Ireland 
Bailey Meters & Control 
Cambridge Instrument 
Drayton Regulators 
Electrofio Meters 
Elliott Brothers 
Elliott Nucleonics 
Firth Cleveland Instruments 
Fuel Efficiency 
George Kent 
James Gordon 
John Thompson Instruments 
K.D.G. Instruments 
Kelvin & Hughes 
Metropolitan Engineering 
Sigma Inst. Co. 
Sunvic Controls 
Sydney Smith 
Walker, Crosweller 


DRIVES, constant-speed— 


electrical 
% Circle No. 568 
Albert Mann Eng. 
Brookhirst Igranic 
Bruce Peebles 
Brush Electrical 
Crofts 
Crompton Parkinson 
English Electric 
Elliott Nucleonics 
Ericsson Telephones 
G.E.C. 
Graseby Instruments 
Lancashire Dynamo Elect. 
Newman Industries 
Sanders (Electronics), W. H. 
Servomex Controls 
Vernons Industries 
Welmec Corporation 


DRIVES, constant-speed— 
hydraulic 


Crofts 

a Hydraulic Units 
Hobson, H. M. 
Integral 

Joseph Lucas 

Joseph Lucas (H. & C.) 
Keelavite Hydraulics 
Stein Atkinson 
Vickers-Armstrong 


* Circle No. 569 


% For further details circle on card facing page 214 


DRIVES, 


DRIVES, 


infinitely-variable- 
ere 


Circle No. 571 
A.E.I. 


Albert Mann Eng. 
Aveley Electric 
British Sarozal 
Brookhirst Igranic 
Bruce Peebles 
Crofts 

Crompton Parkinson 
Elliott Nucleonics 
English Electric 
ae Electric 


Graseby Instruments 
Graton & Knight 
Heenan & Froude 


James W. Carr 

ire Dynamo Elect. 
Lancashire Dynamo Nevelin 
Laurence, Scott 


M.T.E. Control Gear 
Radiovisor Parent 

Sanders (Electronics), W. H. 
Servomex Controls 

Timothy Eaton 

Vernons Industries 

Welmex Corporation 


. a 
spee ydraulic 

% Circle No, 572 
Crofts 


Dowty Hydraulic Units 
Graton & Knight 
H.M.L. 

Integral 

Joseph Lucas 

Joseph Lucas (H. & C.) 
Keelavite Hydraulics 
Stein Atkinson 

Plessey Co. 

Vickers 
Vickers-Armstrong 


infinitely-variable- 
speed—mechanical 

Circle No. 573 
Carter, B. & 


Crofts 

General Controls 
Graseby Instruments 
Graton & Knight 
Miles-Hivolt 

Tiltman Langley 


DUST DETECTING EQUIP- 


Research & Control Inst. 
Stanley Palmer, G. A, 
Wayne Kerr Labs. 


ENGINE INDICATORS— 


electronic 

* Circle No, 578 
Allied Electronics 
British Physical Labs. 
Bruce Peebles 
Brush Electrical 
Craven Electronics 
Farnell Instruments 
Giesler, C. F. R. 
Joseph Lucas 
Leland Instruments 
Racal Instruments 
S.E. Laboratories 
Southern Instruments 
Standard Telephones 


ENGINE INDICATORS— 


mechanical 

* Circle No. 579 
Dobbie McInnes 
Hasler Telegraph Works 
Icknield Engineering 
Smith & Sons (England), S. 
Stewart Acro Supply 
Veeder-Root 


ENGINE GOVERNORS—load 


control 
Circle No. 580 
Ardleigh Engineering 
Dowty Fuel Systems 
Joseph Lucas 


ENGINE GOVERNORS—speed 


control 

* Circle No. 581 
Ardleigh Engineering 
Dewhurst & Partner 
Dowty Fuel Systems 
Foxboro-Yoxall 
Hobson, H. M. 
Icknield Engineering 
Joseph Lucas 


*& Circle No. 574 FACSIMILE EQUIPMENT 


MENT 

A.E.1. 

Airflow Developments 
B.M.B. Sales 


Dallow Lambert 

Griffin & George 

James Gordon 

Mancuna Engineering 
Photoelectronics (M.O.M.) 
Radiovisor Parent 


DYNAMOMETERS 


% Circle No. 575 
Anders Electronics 
Aveley Electric 
Craven Electronics 
English Electric 
Elliott Brothers 
Evershed & Vignolcs 
Heenan & Froude 
Int. Engineering Concess. 
Langham, Thompson, J. 
Laurence, Scott 
Leland Instruments 
Louis Newmark 
Mawdsiey’s 
Nalder Bros. & Thompson 
Sigma Inst. 
Small Electric Motors 
Southern Instruments 
Tinsley, H. 


* Circle No. 582 
Creed & Company 
Decca Radar 
Marconi, W. T. 
Muirhead 
Telecommunications Inst. 


FERRITE MATERIALS 


* Circle No. 583 
Ferranti 
Cole (Overseas), R. H. 


Mullard 
R.C.A. (G.B.) 
Standard Telephones 


FERRITE CORES 
+ —_ “* 584 
oe F (Overseas), H, 
Mullard 
Neosid 
R.C.A. (G.B.) 


Standard Telephones 


FILTERS, acoustic 


* Circle No, 585 
Belclere Co. 
Cooper & Co. 
Dawe Instruments 
Glass Developments 


EDUCATIONAL EQUIPMENT. FILTERS, air 


Specifically designed and 

suitable for establishments 

teaching control engineerin 
% Circle No. 57 

Air Teainers Link 

A.P.T. Electronic Industries 

Armstrong Whitworth Equip. 

Automation Consultants 

British Arca Regulators 

British Sarozal 

Bruce Peebles 

C. & N. Electrical 

Electro Methods 

Elliott Brothers 

Evershed & Vignoles 

Farnell Instruments 

Feedback 

Harvey Electronics 

Honeywell Controls 

Maxam Power 

Pioneer Designs 

Plessey Nucieonics 

Pye, W. G. 

Rank Cintel | 

R.C.A. (G.B.) 

Research & Controi Inst. 


% Circle No. 586 
A. Schrader’s Son 
Alfred Bullows 
Baldwin Industrial Controls 
Benton & Stone 
Birfield Industries 
Bivac Air 
B.M.B. Sales 
Cheltenham Autocontrols 
Davidson & Co. 
Doulton Industrial Porcelains 
Drayton Regulator 
Dunlop Rubber 
Electrofio Meters 
Exactor 
Fai 
Feeny & Johnson 
Fleming Radio 
George Kent 


Holmes, W. C. 

Infra Red Development 
Int. Engineering Concess. 
Intermit 

Keith Blackman 
Knitmesh 


| 
| 





FIL-GEN 


Lacy Hulbert Ether 

Lockheed Precision Products Fireye Controls 

Matthews & Yates Fuel Efficiency 

Midland Pneumatic Honeywell Controls 
Norgren, C. A. Horstmann Gear 

Plenty & Son John Thompson Instrument 
Samuel Birkett K.D.G. Instruments 

S.E, Laboratories Lancashire Dynamo Elect. 
Simmonds Aecrocessories M.B. Metals 


South London Elec. Equip. 
Standard & Pochin Bros. 
Stewart Acro Supply 
Stream-Line Filters 
Sturtevant Eng. 

Sunvic Controls 

Taylor Controls Rheostatic Co. 

Visco Engineering Sauter Controls 
Vokes Stonebridge Electrical 
Volspray Teddington Ind. Equip. 


Westinghouse Brake 
FLAMEPROOF ENCLOSURES 
FILTERS, electrical ¥* Circle No. 595 
%* Circle No. 587 Simplex Electric 


Newman Industries 
Parkinson Cowan Inst, 
Parmeko 

Perl Controls 
Photoelectronics (M.O.M.) 
Radiovisor Parent 


Airtech 

ee Fae FLOW CONTROLLERS. See 

Belling & Lee also Controllers 

Seven Sevege FLOW CONTROLLERS—elec- 

Claude Lyons tric rr, area tae, 
rcle o. 

poaree eee Alto Instruments 


Appleby & Ireland 

Bailey Meters & Control 
Bayham 

Black Automatic Controls 


K.G.M. Electronics 
Lancashire Dynamo Elect. 
Mullard Equipment 


= hand Bristol Inst. 
R.C.A. (G.B.) Delta Technical Services 


Dewrance 

Electroflo Meters 

Elliott Brothers 

Evershed & Vignoles 

Firth Cleveland Instruments 
Fuel Efficiency 

awe Kent 

James Gordon 

Kandem Electrical 


Research & Control Inst, 
S.E. Laboratories 
Standard Telephones 
Zenith Electric 


FILTERS, fluid—microparticle 
* Circle No, 588 
Auto-Klean Strainers 
Birfield Industries 


British Filters Lintronic 
Dunlop Rubber Londex — 
Fairey Normalair 
Industrial Hydraulics Plessey Co. 
Intermit Rotameter Mnfg. 


Sauter Controls 
Stanley Palmer, G. A. 
Swartwout 

Teddington Ind. Equip. 


Keelavite Hydraulics 

Liquid Systems 

Lockheed Precision Products 

Plenty & Son 

Pratt Precision 

S.E, Laboratories 

Short Bros. & Harland 

Sperry Gyroscope 

Stream-Line Fitlers Alto Instruments 

Thermal Control A. Schrader’s Son 

Vokes Bailey Meters & Control 

Benton & Stone 
FILTERS, fluid—standard Birfield Industries 
Circle No. 589 British Arca Regulators 

Auto-Klean Strainers Bristol Inst. 

Avery Hardoll Cheltenham Autocontrols 

Birfield Industries Delta Technical Services 

British Filters 


Elec. Steam & Mining 
British Steam Specialities 


FLOW CONTROLLERS—pneu- 
matic output 
* Circle No. 597 


Electroflo Meters 


Cooper & Co. Elliott Brothers 
Doulton Industrial Porcelains Elliott Nucleonics 
Fairey Fischer & Porter 
Intermit Foxboro- Yoxall 
Keelavite Hydraulics George Kent 
Knitmesh Honeywell Controls 
Liquid Systems James Gordon 
Pienty & Son Martonair 

Pratt Precision Normalair 


Samuel Birkett 
Simmonds Aerocessories Rotameter Mnfg. 
Stream-Line Filters Samson Controls 
Vokes Sauter Controls 
Walker Crosweller Simmonds Aecrocessories 


Stanley Palmer, G. A. 
FILTERS, optical Stuart Davis 
*% Circle No. 590 Sunvic Controls 
Kodak Swartwout 


Leland Instruments Taylor Controls 


Optical Works 
FLOW DIVIDERS. See Valves, 


Reavell-Fahie 


Strand Electric & Eng. 


U.K. Optical fluid 
FIRE PROTECTION EQUIP- FLOWMETERS—area, _piston- 
MENT—aircraft type 
* Circle No. 591 * Circle No. 598 
Acrocontacts Armstrong Whitworth Equip. 
Klaxdn Bailey Meters & Control 
Miles-Hivolt 


Black Automatic Controls 
George Kent 

Honeywell Controls 
Lindars Automation 
Liquid Systems 

Thomas Ashworth 


Stewart Aero Supply 
Thermal Control Company 


-_ PROTECTION EQUIP. 
—industrial 
* Circle No. 592 
rd — FLOWMETERS—area, rotameter 
George Angus ‘ *% Circle No. 599 
L.E.C.-Sieger Drallim Industries 
Klaxon Electro-Mechanical Systems 
Magneta Time Co. Evershed & Vignoles 
Radiovisor Parent Fischer & Porter 
Simplex E'ectric Platon, G. A. 
Sound Diffusion Rotameter Mnfg. 


FLOWMETERS—Dall-tube 
rine PROTECTION EQUIP. * Circle No. 600 


Evershed & Vignoles 
G.E.C. ase George Kent 


George Angus 


1L.E.C.-Sieger FLOWMETERS—digita! 
Klaxon * Circle No. @1 
Bryans Aecroequipment 
FLAME FAILURE UIPMENT De Havilland Propellers 
* Circle No. 594 Digital Engineering 
A.E.I. Hobson, H. M. 
Bailey Meters & Control Integral 
foss Lindars Automation 
Elcontrol Radiatron 


Electrotechnic Ltd. 


S.E. Laboratories 
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i. Cheltenham Autocontrols 
RO ere “i> iene 
% Circle No. 602 Elliott Brothers 
Alto Instruments George Kent 
Bristol Inst. Walker Crosweller 


Electro Mechanical System 
Fischer & Porter 
Foxboro- Yoxall 

H. M. Hobson 

Lintronic 

Measurement Limited 
S.E. Laboratories 

Stanley Palmer, G. A. 


FLOWMETERS—venturi tube 
Circle No. 614 

Bailey Meters & Control 
Black Automatic Controls 
Bristol Inst. 
Cheltenham Autocontrols 
Electrofio Meters 
Elliott Brothers 


FLOWMETERS—flume Elliott Nucleonics 
% Circle No. 603 Evershed & Vignoles 
Electroflo Meters George Kent 


Fuel Efficiency 
Honeywell Controls 
George Kent John Thompson Instrument 
Walker Crosweller Kelvin & Hughes 

Samson Controls 


FLOWMETERS—hot-wire ane- Walker Crosweller 


Elliott Brothers 
Foxboro-Yoxall 


mometer 

* Circle No. 04 FLOWMETERS—weir 
Lintronic % Circle No. 615 
Tinsley, H. Bristol Inst. 


Cheltenham Autocontrols 
Electrofio Meters 

Elliott Brothers 

George Kent 

Walker Crosweller 


FLUX METERS. See Magnetic 
flux meters and Neutron 
flux meters 


FORCE TRANSDUCERS (giv- 
ing electrical output) 


FLOWMETERS—momentum 
(axial flow) 
% Circle No. 605 
Fred Ferraris 
George Kent 


FLOW METERS—nozzle 
% Circle No. 606 
Bailey Meters & Control 
Bristol Inst. 
Cheltenham Autocontrols 


Electrofio Meters *% Circle No. 616 
Kelvin & Hughes Armstrong Whitworth Equip. 
B. & K. Labs. 


FLOW METERS—corifice plate 
* Circle No. 607 

Air Flow Developments 
Appleby & Ireland 
Bailey Meters & Control 
Black Automatic Controls 
Cheltenham Autocontrols Flectro-Mechanical Systems 
Dewrance Evershed & Vignoles 
Electroflo Meters Fairey 
Elliott Brothers Langham Thompson, J. 
Elliott Nucleonics Lintronic 
Evershed & Vignoles Paton Hawksley 
Fischer & Porter R.C.A. (G.B.) 
Foxboro- Yoxall Salford Elec. Instruments 
Fuel Efficiency Saunders-Roe 
George Kent S.E. Laboratories 
Honeywell Controls Solartron 
John Thompson Instrument Woden Transformer 
Kandem Electrical 
Keelavite Hydraulics 
Kelvin & Hughes 
a Zambra 
Platon, G. A. 
Rotameter Mnfg. ABI. 


Boulton Paul Aircraft 
British Arca Regulators 
British Sarozal 

Bryans Aecroequipment 
Davy & United Instruments 
Electroflo Meters 


FREQUENCY 
tronic 


METERS—elec- 
* Circle No. 617 


Airmec 
Samson Controls Aveley Electric 
Sunte Controls B. & K. Labs 
wartwout A u pmen: 
Taylor Controls — —— ; 


Tylors of London 
Walker Crosweller 


FLOWMETERS—pitot tube 
* Circle No, 8 

Air Flow Developments 
Black Automatic Controls 
Bristol Inst. 
Cheltenham Autocontrols 
Elliott Brothers 
Elliott Nucleonics 
Electrofio Meters 
Evershed & Vignoles 
Foxboro-Yoxall 
George Kent 
Griffin & George 


Claude Lvons 

Dawe Instruments 
Ericsson Telenhones 
Farnell Instruments 
Giesler, C. F. R. 
Griirther Ted. Developments 
Honeywell Controls 
Integra Leeds 

Integral 

Lancashire Dynamo Elect. 
Langham Thompson, J. 
Marconi Instruments 
Measnring Instruments 
Metrix Instruments 

Nash & Thompson 


. 7 Peto Scott 
Negretti and Zambra 
Taylor Controls Rest Tasremente 
Walker Crosweller Telemechentcn 


Venner Electronics 
Sandere (Plectronice), W. H. 


Winston Electronics 


FREQUENCY METERS—vibrat- 
ing reed 


FLOWMETERS—positive dis- 

placement 
* Circle No. 609 

Avery-Hardoll 
Black Automatic Controls 
Cheltenham Autocontrols 
Gilbarco 
Leeds Meter 
Liquid Systems 
Measurement Limited 
Tylors of London 


FLOWMETERS—propelier 
& Circle No. 610 FREQUENCY RESPONSE ANA. 
Cheltenham Autocontrols ERS—ele-tromechanica! 
De Havilland Propellers * Circle No. 619 
Electro-Mechanical Systems 
Firth Cleveland Instruments 
Fred Ferraris 
George Kent 


* Circle No. 618 
Aveley Flectric 
Dowty Nucleonics 
Metrix Instruments 
Salford Flec. Instruments 
White Electrical Inst. 


Muirhead 
Servo Consultants 


FREQUENCY RESPONSE ANA- 


Hobson, H. M. LYSERS—electronic 
Integral + Circle No. 620 
Leeds Meter Aveley Electric 


M.L. Aviation Company 
S.E. Laboratories 
Tylors of London 


FLOW METERS—target 
* Circle No. 611 
Cheltenham Autocontrols 


B. & K. Labs. 

Dawe Instruments 

De Havilland Propellers 
Integra Leeds 

James Scott Elec. Eng. 
Louis Newmark 
Marconi Instruments 


Lindards Automation Muirhead 
Londex Peto Scott 
R.C.A. (G.B.) 


FLOW METERS—!trasonic 
* Circle No. 612 
British Sarozal 


FLOWMETERS—V-notch 
* Circle No. 613 
Bristol Inst. 


Servo Consultants 
Servomex Controls 
Short Bros. & Harland 
Solartron 

Standard Telephones 
Wayne Kerr Labs. 
Winston Electronics 








CONTROL 
FUEL METERING EQUIPMENT Sovens 


nr ¥% Circle No. 621 GUIDE 
Armstrong Whitworth Equip. 1960 


Electro-Mechanical Systems 
Firth Cleveland Instruments 
George Kent 

Hobson, H. M. 

Integral 

Miles-Hivolt 

Rotameter Mnfg. 

S.E. Laboratories 

Stewart Acro Supply 


GAITERS, RUBBER 
* Circle No. 622 
Dunlop Rubber 
Hall & Hall 
Henry Beakbane 
John Bull Rubber 


GALVANOMETERS 
% Circle No. 623 
Anders Electronics 
Aveley Electric 
Baldwin Industrial Controls 
British Sarozal 
Cambridge Instruments 
Dobbie McInnes 
Doran Instrument 
Electroflo Meters 
Elliott Brothers 
Evans Electroselenium 
Farnell Instruments 
Films & Equipment 
Griffin & George 
Gambrell Bros. 
John Thompson Instrument 
Measuring Instrument 
New Electronic Products 
Page Engineering 
Pye, W. G. 
Sangamo Weston 
Savage & Parsons 
S.E. Laboratories 
Taylor Electrical 
Tinsley, H. 
White Electrical Instruments 
Wilkinson (Croydon), L. 


GAS ANALYSERS. See Analyti- 
cal instruments 


GEARBOXES, miniature preci- 
sion—differentia! 
%*% Circle No. 624 
Davall Gear 
Fred Ferraris 
Graseby Instruments 
Laurence Scott 
Moffett, S. H. 
Pioneer Designs 
Sealey Engineering 
White & Riches 
Sanders (Electronics), W. H. 


GEARBOXES. miniature preci- 
sion—reduction 
* Circle No. 625 
Cambridge Instruments 
Carter, B. & F. 
Davall Gear 
Devon Instruments 
Gear Grinding Co. 
General Controls 
Graseby Instruments 
H. & B. Precision Eng. 
Harvey Electronics 
Icknield Engineering 
Klaxon 
Laurence Sentt 
Moffett, S. H. 
Pioneer Designs 
Plessev Co 
Robert Prirele & Sons 
Pullin, R. B. 
Sanders (Flectronics), W. H. 
Sealex Fneaineering 
Servo Consultants 
Servo Units 
Shackman. D. 
Smith & Sons (England), 8. 
Sperry Gvroscope 
Svencer Components 
Thomas Mercer 
White & Riches 


GEARING, precision 
& Circle No. 626 

Birfield Industries 
Crasehy Instruments 
Davall Gear 
Fred Ferraris 
Gear Grindine Co. 
General Controls 
George Angus 
Glass Develonments 
Harvey Electronics 
H. & RB. Precision Eng. 
Icknield Fnaineering 
Laurence Scott 
Louis Newmark 
Moffett, S. H. 
Pioneer Designs 
Pleceey Cn 
Pullin, R. B 
Robert Pringle & Sons 
Sardere (Plectrorics), W. H. 
Sealey Engineering 
Servomex Controls 
Spencer Components 
Sperry Gyroscope 
Thomas Mercer 


GENERATORS. See also Tach 
ometers 
GENERATORS—fiinction 


% Circle No. 627 13 
Advance Components 
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Aveicy 

Bruce Peebles 
Claude Lyons 

Dawe Instruments 
Decca Radar 
Electronic Associates 
Farnell Instruments 


Sanders (Electronics), W. H. 
Servomex Controls 


GENERATORS—pulse 


%*% Circle No, 629 
Aveley Electric 
Bradicy, G. & E. 
Bruce Peebles 
Claude Lyons 
Conventry Controls 
Cossor Instruments 
Coventry Instruments 
Craven Electronics 
Dawe Instruments 


Ericsson Telephones 
Farnell Instruments 
Fleming Radio 
Kasama Electronics 
Kendall & Mousicy 
Lintronic 

Marconi Instruments 
Marshall of Cambridge 
Miles-Hivolt 

Mullard Equipment 
Nagard 

Panax Equipment 
Rank Cintel 

Research & Control Inst. 
Servomex Controls 
Solartron 

Sunvic Controls 
Taylor Electrical 
Wayne Kerr Labs. 
Winston Electronics 


GENERATORS—+sweep 


* Circle No. 630 
Allied Electronics 
Armstrong Whitworth Equip. 
Aveley Electric 
Bruce Peebles 
Claude Lyons 
Cossor Instruments 
Dawe Instruments 
Decca Radar 
Marconi Instruments 
Metrix Instruments 
Rank Cinte! 
Taylor Electrical 


GENERATORS—synchronous 
* Circle No. 631 

Aveley Electric 
Bruce Peebles 
English Electric 
Evershed & Vignoles 
Marconi Instruments 
Vernons Industries 
Walter Jones 
Wright Electric Motors 


GENERATORS—ultrasonic 
* Circle No. 632 

British Sarozal 
Bruce Peebles 
Craven Electronics 
Dawe Instruments 
Farnell Instruments 
Glass Developments 
Lintronic 
Mullard Equipment 
Metrix Instruments 
Wayne Kerr Labs. 


GENERATORS—wave 
*% Circle No. 633 

Aveley Electric 
Bruce Peebles 
Claude Lyons. 
Furzehill Labs. 
Marconi Instruments 
Rank Cintel 
Research & Control Inst. 
Servo Consultants 
Servomex Controls 
Telemechanics 


GLOSSMETERS. continuous read- 
ing. See Photometric instru- 
ments 


GYRO CALIBRATION EQUIP. 
MENT 


*& Circle No. 634 
Bryans Aecroecauipment 
English Electric 
Graseby Instruments 
Racal Instruments 
Solartron 


GYROS —directional 
* Circle No. 635 


Circle No. 628 GYROS—zminiature 


HUMIDITY INDICATORS, 


Py Circle No. 637 


GYROS—pilots 


* Circle No. 638 
Acrocontacts 

Brown, S. G. 

Sperry Gyroscope 

Stewart Acro Supply 


GYROS—rate 


% Circle No. 639 
Brown, S. G. 

De Havilland Propellers 
Elliott Brothers 

English 

Ferranti 

Graseby Instruments 
Kelvin & Hughes 
Louis Newmark 
Muirhead 

Pullin, R. B. 

Sperry Gyroscope 


GYROS—stabilizer 


* Circle No. 640 
Brown, S. G. 
English Electric 
Ferranti 
Louis Newmark 
Pullin, R. B. 


GYROS—vertical 


& Circle No. 641 
Brown, S. 

Ferranti 

Louis Newmark 

Muirhead 

Pullin, R. B. 

Sperry Gyroscope 


HARMONIC ANALYSERS— 
electronic 
* Circle No. 642 
Airmec 


Aveley Electric 
Claude Lyons 
Craven Electronics 
Dawe Instruments 
Farnell Instruments 
Furzehill Labs. 
James Scott Elec. Eng. 
Marconi Instruments 
Muirhead 

Royston Instruments 
Servo Consultants 
Servomex Controls 
Wayne Kerr Labs. 


HARMONIC ANALYSERS— 
mechanical 
% Circle No. 643 
Servo Consultants 
Stanley & Co., W. F. 


con- 
tinuous reading—dew point 
methods 

* Circle No. 644 
Birlec 


Foxboro-Yoxall 

Integra Leeds 

Measuring Instruments 
Nottingham Thermometer 
Research & Control Inst. 
Shaw Moisture Meters 
Taylor Controls 


HUMIDITY INDICATORS, con- 

tinuous reading—hygrometers 
%*% Circle No. 645 

B. & K. Labs. 
Cambridge Instrument 
Darton, F. 
Electrical Thermometer 
Elliott Brothers 
Foxboro-Yoxall 


Gallenkamp, A. 
Headland Eng. Developments 
Honeywell Controls 
Hymatic Engineering 
James Gordon 

Leland Instruments 
Negretti & Zambra 
Piessey Co. 

Reynolds & Branson 
Shaw Moisture Meters 
Short & Mason 
Stanley . W. F. 


Zeal, G 
HUMIDITY INDICATORS, con- 
tinuous reading — * other 


than the preceding types 
er Circle No. 646 


Ardente Acoustic Lab. 


INFRA-RED ANALYSERS. See 
Analytical instruments 


INFRA-RED DETECTORS. 
Radiation detectors 


INFRA-RED SOURCES 
* Circle No, 650 
G.E.Cc. 


Hilger & Watts 
R.C.A. (G.B.) 


INTEGRATORS—electrical 
* Circle No. 651 
Bristol Inst. 
Electrofio Meters 
Elliott Brothers 
Foxboro- Y oxall 
Fuel Efficiency 
George Kent 
Miles-Hivolt 


INTEGRATORS—electronic 


* Circle No. 652 


Air Trainers Link 
Blackburn Electronics 
Bristol Inst. 

Bruce Peebles 

Craven Electronics 
Electronic Associates 
Eliott Brothers 

Firth Cleveland Instruments 
Honeywell Controls 

Joyce Loebl 

Lancashire Dynamo Elect. 
Marshall of Cambridge 
Miles- Hivolt 


Research & Control Inst. 
Royston Instruments 
Short Bros. & Harland 
Solartron 

Saundi 


INTEGRATORS—electromech- 


anical 


* Circle No. 653 


Air Trainers Link 
Blackburn Electronics 
Bristol Inst. 

Devon Instruments 
Digital Engineering 
Electro Methods 
Eltiott Brothers 
Fuel Efficiency 
George Kent 
Joyce Loebl 
Kelvin & Hughes 
Miles- Hivolt 
Radiatron 
Servomex Controls 
Solartron 

Sperry Gyroscope 
Taylor Controls 
White & Riches 


INTEGRATORS—mechanica! 


% Circle No. 654 


Air Trainers Link 

Bailey Meters & Control 
Bristol Inst. 

Devon Instruments 
Electrofio Meters 

Elliott Brothers 

Fuel Efficiency 

George Kent 

John Thompson Instrument 
Miles- Hivolt 

Staniey & Co., W. F. 


INTENSIFIERS, hydraulic 


*% Circle No. 655 


Bell Precision 

Baldwin Industrial Controls 
Dunlop Rubber 

Fawcett Preston 

Keelavite Hydraulics 
Maxam Power 

Power Jacks 


1ON EXCHANGE 
Elga Products 


Galienkamp A. 
—-* George 


ISOTOPES, radioactive 


Circle No. 657 
Controls 


Hawker Siddeley 
Research & Control Inst. 
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EQUIPMENT 
* Circle No. 656 


infra red 
*% Circle No. 662 
Ireland 


Bryans Acroequipment 
Electrofio Meters 
Glass Developments 
Infra Red Development 
K.D.G. Instruments 
Taylor Controls 
Wallace & Tiernan 


LEVEL DETECTORS, LIQUID— 


balanced diaphragm 

¥* Circle No. 663 
Bristol Inst. 
Cheltenham Autocontrols 
Electrofio Meters 
Elliott Brothers 
Evershed & Vignoles 
Fisher Governor 
Foxboro-Yoxall 
Fuel Efficiency 


James Gordon 
K.D.G. Instruments 
S.E. Laboratories 
Taylor Controls 


LEVEL DETECTORS, LIQUID— 


ball-float 

Circle No. 664 
Automation Consultants 
Bamford, F. 
Bayham 


Black Automatic Controls 
Bristol Inst. 

Brookhirst Igranic 

Bruce Peebles 


Danfoss 

Drayton Regulator 
Electrofio Meters 
Elliott Brothers 
Elliott Nucleonics 
Evershed & Vignoles 
Firth Cleveland Instruments 
Fischer & Porter 
Fisher Governor 
G.E.C. 

Tonic Instruments 
Kandem Electrical 
Laurence Scott 
Londex 


Sauter Controls 
Smith Industrial Inst. 
Sunvic Controls 
Telemeters 

Tully Engineering 


LEVEL DETECTORS, LIQUID— 


chain or tape 

* Circle No. 665 
Bristol Inst. 
Elliott Brothers 
Foxboro-Yoxall 
Parkinson Cowan Inst. 
Sauter Controls 


LEVEL DETECTORS, LIQUID— 


electrical capacitance 
%* Circle No. 666 
Ariel Sound 
Automa Engineering 
Craven Electronics 
Elcontrol 
Electronic Switchgear 
Farnell Instruments 


Fielden Electronics 
+ mame Instruments 
G.E.C, 


Griinther Ind. Developments 
Headland Eng. Developments 


Radiovisor Parent 
Thomas Automation 
Vidor Batteries 
Wayne Kerr Labs. 


LEVEL DETECTORS, LIQUID— 


float valve 
* Circle No. 667 


Automation 
Avery-Hardoll 


Drayton Regulator 
Elliott Nucleonics 
Fisher Governor 

















































































































DETECTORS, LIQUID— 
force-balance displacer 
* Circle No. 669 
Crosby Valve & Eng. 
Electrofio Meters 
Evershed & Vignoles y 
Governor 
Sunvic Controls 


See LEVEL DETECTORS, LIQUID— LEVEL DETECTORS, LIQUID— 


magnetic float 

* Circle No, 670 
Bayham 
Flight Refuelling 
Ionic Instruments 
Kingston Control Systems 
Londex 


Rotameter Mnfg. 


LEVEL DETECTORS, LIQUID— 


mercury manometer 

% Circle No, 671 
Bristol Inst. 
Bryans Aer 


John Thompson Instrument 
Taylor Controls | 


LEVEL DETECTORS, LIQUID— 

nuclear radiation 
* Circle No. 672 

Baldwin Industrial Controls 
Bruce Peebles 
Craven Electronics 
Isotope Developments 
Lock, A. M. 
Panax Equipment 
Research & Control Inst. 
Vidor Batteries 


ed di _ - 
aphragm 

= ‘* Checle No, 673 
Bristol Inst. 


Elliott Brothers 
K.D.G. Instruments 
Swartwout 


LEVEL DETECTORS, LIQUID— 
oscillator type 


* Circle No. 674 
Firth Instruments 
Telemeters 


| 
| 
LEVEL DETECTORS, LIQUID— | 
pressure gauge systems 
* Circle No. 675 | 
Appleby & Ireland 
Bailey Meters & Control 
Bristol Inst. 
Budenberg Gauge | 
Combustion Instruments 
Delta Technical Services 
Electrofio Meters 
Elliott Brothers | 
Elliott Nucleonics 
Firth | 


Electronics 
Firth Cleveland Instruments 
Foxboro-Yoxall 
Fuel Efficiency 
Kandem 
George Kent 
Hobson, H. M. 
Honeywell Controls 
James Gordon 
K.D.G. Instruments 
Negretti & Zambra 
Payne & Griffiths 


LEVEL DETECTORS, LIQUID— | 
thermometer bulb 
* Circle No. 676 


Headland Eng. Dev. 

LEVEL DETECTORS, LIQUID— 
torque-tube dis; lacer 

+ Circle No, 677 

Dewrance 
Swartwout 

LEVEL DETECTORS, LIQUID— 
other than the preceding 
~~ * Circle No. 678 


Dov & Unieed. instroments 


LEVEL 


Radiovisor 
Research & Control —- 


Robinson & Gc 

Saunders- Roe 

Stanley Palmer, G. A. 

Teddington Ind. Equip. 
SOLID— 


’ 
electrical capacitance 


%*% Circle No. 679 


ing 
Bailey Meters & Control 
Craven Electronics 
Elcontrol 


Fielden Electronics 
Griinther Ind. Developments 
Integra Leeds 


RS, SOLID— 


electrical contact 


Circle No. 680 
Automation Cae 


Bruce Peebles 

Craven Electronics 
Evershed & Vignoles 
Lancashire Dynamo Elect. 
Lindars Automation 
Londex 


Magnetic Equipment 
Radiovisor Parent 


LEVEL DETECTORS, sOLID— 

diaphragm unit 
% Circle No. 681 

Black Automatic Controls 
Elliott Brothers 
Firth Cleveland Instruments 
Lindars Automation 
Londex 
Magnetic Equipment 
Sinex Engineering 


LEVEL DETECTORS, sOLID— 


gamma-ray absorption 


* Circle No. 682 
Bruce Peebles 


Isotope Developments 
k, A. M. 

Panax Equipment 

Peto Scott 

Vidor Batteries 


rotating paddle 


* Circle No. 683 
Debbie McInnes 


Elec. Steam & Mining 
Londex 
Williams & James 


DETECTORS, SOLID— 
weighing methods 


¥* Circle No. 684 
Bruce Peebles 


Davy & United Instruments 
General Controls 

Research & Control Inst. 
Taylor Controls 


LOAD CELLS. See also 


Weighers, industrial 


LOAD CELLS—electrica| 


*& Circle No. 685 
Albert Mann Eng. 


Armstrong Whitworth Equip. 

B. & K. Labs. 

Boulton Paul Aircraft 

Craven Electronics 

Davy & United Instruments 

Elliott Brothers 

Elliott Nucleonics 

Ericsson Telephones 

Langham Thompson, J. 

Lintronic 

a Control Inst. 
or. lec. Instruments 

Saunders-Roe 

S.E, Laboratories 

Southern Instruments 


LOAD CELLS—mechanicai 


Circle No. 
Richardson ss — 


MACHINE 


British Sarozal 
Darwins 


Griffin & George 
James W. Carr 
Johnson Matthey 





Southern Instrumente 
Stein Atkinson 


Telecommunication Inst. 
Thomas Mercer (Air Gauges) 
Welmec Corporation 


tatic positionin 
*% Circle No. 
A.E.L. 


Armstrong Whitworth Equip. 


Sanders (Electronics), W. H. 
Sperry Gyroscope 

Stein Atkinson 

Teddington Ind. Equip. 
Teledictor 
Telecommunication Inst. 
Welmec Corporation 


MAGNETIC FLUX METERS 


% Circle No. 689 
A.E.I, 


British Sarozal 
Cambridge Instrument 
Cole (Overseas), R. H. 
Decca Radar 


Lancashire Dynamo Elect. 
Newport Instrument 

Pye, W. G. 

Salford Elec. Instruments 
Welmec Corporation 
White & Riches 


MAGNETIC MATERIALS 


¥*& Circle No. 690 
Darwins 
Ferranti 
Mullard 
Neosid 
Plessey Co. 
Telcon Magnetic Cores 


MAGNETIC TAPE 


*% Circle No. 691 
Ampex Electronics 
Decca Radar 


Electro-Mechanical Systems 
Epsylon Industries 
Holiday & Hemmerdinger 
Kodak 


Lee Products 

Minnesota Mining & Mfg. 
M.S.S. Recording 

R.C.A. (G.B.) 


LEVEL DETECTORS, SOLID MAGNETIC TAPE RECORDERS, 


industrial 

* Circle No. 692 
Aerocontacts 
Ampex Electronics 
Aveley Electric 
B. & K. Labs. 
Bradmatic 
Data Recording 
Decca Radar 
Electro-Mechanical Systems 
EMI Electronics 
Epsylon Industries 
Gresham Developments 
Hartley Electromotives 


Holiday & Hemmerdinger 
K.G.M. Electronics 
Louis Newmark 

Marconi 1.M.Com. 

New Electronic Products 
Plessey Co. 


Rank Cintel 


R.C.A. (G.B.) 

Royston Instruments 
Sanders (Electronics), W. H. 
Solartron 


Thermionic Products 
Truvox 
Welmec Corporation 


MAGNETIC WIRE RECOR- 
DERS, 


» industrial 
Circle No, 693 
Bell Precision roe 
~~ rer 


MAGNETS, Permanent 


% Circle No. 694 


MACHINE TOOL CONTROL Mullard 

SYSTEMS—conti d Oliver Pell 

tour <umppeadiiieeen Permag Equipment 

ARL % Circle No. 687 Sage g ~ 

Bell Precision MAGSLIPS. See Remote con- 
British Sarozal trol, electrical 

Brush Electrical 

Electro-Hydraulics METADYNE. See Amplifiers, 
Electro-Mechanical Systems rotating electrical 

General Electric DETECTO 

Lancashire Dynamo Elect. ae ~ 


% Circle No. 695 


Automa Neering 
Bruce Peebles 


TOOL CONTROL 


Craven Electronics MOTORS, rotary electric, a.c. 
Fuller Electric servo—squirrel 
Metal Detection ¥* Circle No. 704 
Rank Cintel British Central Elec, 
R.C.A, (G.B.) Brook Motors 
Brown, S. G. 
MOISTURE CONTENT INDI. Brush 
CATORS—paper Drayton Regulator 
%& Circle No. 696 
Cambridge Instrument Evershed & Vignoles 
Honeywell Controls Fractional H.P. Motors 
Marconi Instruments Fuel 
Plessey Co. G.E.C, 
Research & Control Inst. ae Kom 
oy ‘Aaements Kelvin & Hughes 
imoth: on 
? a en Scott 
MOISTURE CONTENT INDI. Mawdsicy’s 
Mortley Sprague Co. 
= — sand, granular Newman Industries 


*% Circle No. 697 —Parvalux 


Bruce Peebles 
Cawkell 


MOISTURE CONTENT 
CATORS—textile fibres 


Fielden Electronics 
Honeywell Controls 
Marconi Instruments 
Plessey Co. 

Record Elec. 
Reynolds & Branson 
Shaw Moisture Meters 
Thomas Ashworth 
Timothy Eaton 


MOISTURE CONTENT 
CATORS—wood 


Dawe I ts 
Farnell Instruments 
Marconi Instruments 
Shaw Moisture Meters 
Thomas Ashworth 


MOISTURE CONTENT 
CATORS—other types 


B. & K. La 
Bruce Peebles 
Edwards High Vacuum 
Elliott Brothers 

Fuel Efficiency 
Marconi Instruments 
Shaw Moisture Meters 
Thomas Ashworth 


MOTOR CONTROLLERS, 

electric 

*% Circle No, 701 

A.E.I. 

Airmec 

Allen West & Co. 

Arrow Electric Switches 
Asquith Electrics 

British Central Elec. 
British Elec. Resistance Co. 
British Federal Welder 
Brit. Klockner Switchgear 
British Sarozal 

Brookhirst Igranic 

Brook Motors 

Bruce Peebles 

Brush Electrical 

Claude Lyons 

Dewhurst & Partner 
Electrical Apparatus 
Electric Remote Control 
Electro Mechanical Mfg. 
Electro Methods 

English Electric 

George Ellison 

K.G.M, Electronics 
Lancashire Dynamo Elect. 
Lancashire Dynamo Nevelin 
Laurence Scott 

Morecambe Electrical 
M.T.£. Control Gear 
Parmeko 

Pelapone Engines 

Sanders (Electronics), W. H. 

‘omex Controls 

Sharp Control Gear 
Sicmens-Schuckert 

immons Electrical Winding 
Fie 

dington Ind. Equip. 

Timothy Eaton 

Viasto Clark & Watson 
Watford Electric 


MOTORS, rotary electric, a.c. 


servo—drag-cun 
* Circle No. 702 
British Central Elec. 
Brown, S. G. 
Evershed & Vignoles 


MOTORS, rotary electric, a.c. 


ere 

ircle No. 703 
British Cents Elec. 
Brown, S. G. 

Evershed & Vignoles 
Kelvin & Hughes 
Laurence Scott 

Muirhead 

= —aeueatat Inst. 
terling Instruments 
/actric panwet Equipment 


INDI. 
% Circle No. 698 


INDI. 
% Circle No. 699 


INDI. 
% Circle No. 700 
bs. 


Plessey Co. 
Pullin, R. B. 


Mortley Sprague 
Mycalex 


Nelco 

Newman Industries 
Oliver Pell 
Parvalux 

Plessey Co. 

Pullin, R. B. 
Simmo 


Small Electric Motors 
Stewart Acro Supply 
Telecommunication Inst. 
Welmec Corporation 
Western Mfg., Reading 
Whitetrade 


Simmons Electrical Winding MOTORS, hydraulic servo (ro- 


Small Electric Motors 


Vactric Control Equipment 


Walter Jones 
Welmec Corporation 
Wright Electric Motors 


servo—torque 


British Centr: 
Brown, S. G. 

De Havilland Propellers 
ann & Vignoles 
G.E.C. 


Klaxon 


Small Electric Motors 
Sperry Gyroscope 
Walter Jones 
Woden Transformer 


MOTORS, electric, d.c. servo 
permanent 


—split-armature, 
magnet 


% Circle No. 706 


British Central Elec. 
Brush Electrical 

Electro Methods 

Evershed & Vignoles 
Klaxon 

Laurence Scott 

Newton Brothers (Derby) 
Vactric Control Equipment 
Western Mfg. Reading 


MOTORS, electric, d.c. servo 
separately 


—+split-armature, 
excited 


% Circle No. 707 


British Central Elec. 

Brush Electrical 

Evershed & Vignoles 

Klaxon 

Laurence Scott 

Newton Bros. (Derby) 

Vactric Control Equipment 
_. Western Mfg. Reading 


MOTORS, electric, d.c. servo 


—split-field 


% Circle No. 708 


British Central Elec. 
Brush Electrical 
Evershed & Vignoles 
Kelvin & Hughes 
Klaxon 

Laurence Scott 
Muirhead 

Newton Brothers (Derby) 
Parvalux 

Plessey Co. 

Servo & Electronic Sales 
Small Electric Motors 
Vactric Control Equipment 
Walter Jones 

Western Mfg. Reading 


MOTORS, electric, d.c. servo 


—torque 


% Circle No. 709 


British Central Elec. 
Brush Electrical 

Klaxon 

Laurence Scott 

Newton Brothers (Derby) 
Short Bros. & Harland 
Siemens Edison Swan 
Walter Jones 

Woden Transformer 


MOTORS, electric f.h.p. 
* Circle No. 710 
A.E.I. 


Amphenol (G.B.) 
British Central Elec. 
British Universal E.M.R. 
Brook Motors 
Brush Electrical 
Citenco Ltd. 
Crompton Parkinson 
Croydon Engineering 
on Instruments 
Drayton Regulator 
Elliott Nucleonics 
English Electric 


Evershed & Vignoles 
practional H.P. Motors 


MOTORS, rotary electric, a.c. 
% Circle No. 705 
Elec. 


NEPHELOMETERS. 


ORIFICE PLATES. 


tary output). See also 


ors, rau 
% Circle No, 711 

Andrew Fraser 

Boulton Paul Aircraft 

Chamberlain Industries 

Dowty Hydraulic Units 

H.M.L. 

Hobson, H. M. 


J hh Lucas 
loon eee . Cc) 
lavite raulics 
Lact cheed Precision Products 
Muirhead 
Ren Fae 
Reavell- 
Short —. & Harland 
Sperry Gyroscope 
Stewart Acro Supply 


Vickers 

Woden Transformer 
MOTORS, pneumatic servo 

(rotary output). See also 


Actua’ » Pneumatic 
a * Circle No. 712 
Atlas Copco (G.B.> 
Fred Ferraris 
Globé Pneumatic Eng. 
a, ee 
Plessey Co. 
Stewart Acro Supply 


= *% Circle No. 713 
Anglo American V.F. 
British Sarozal 
Dowty Seals 
Dunlop Rubber 
Electrothermal Eng. 
Epsylon Industries 
Ernest Turner 
George Goodman 
Hall & Hall 
Hawley Products 
Hellermann — ' 
Joyce Electrica 
Lion Electronic Develop. 
M.B. Metals 
Measurement Limited 
Mycalex 
Neosid 
Permali 
Peto Scott 
Precision Rubbers 
Siemens Edison Swan 


Included 
Photometric instru- 


under 
ments 


NEUTRON FLUX METERS 


* Circle No. 714 
Ekco Electronics 
Ericsson Telephones 
Research & Control Inst. 


See Flow- 
meters 


OSCILLATORS, electronic— 
a.f. 


* Circle No, 715 
A.C.M. Electronics 
Advance Components 
Airmec 
Allied Electronics 
Aveley Electric 
British Physical Labs. 
Bruce Peebles 


Cawkell 

Claude Lyons 

Cole (Overseas), R. H. 
Instruments 

Craven Electronics 

Dawe Instruments 


Goodmans Industries 
Hatfield Instruments 
Holiday & Hemmerdinger 
Kasama Electronics 
Lancashire Dynamo Elect. 
Leland I 

Marconi Instruments 
Metrix Instruments 
Miles- Hivolt 

Muirhead 

Nash & Thompson 
Newman Industries 

Pye, W. G. 

Rank Cintel 

Research & Control Inst. 
S.E. Laboratories 































































































































































































































Rivers’ 





OSC-PRE 


Solartron 

SS. Electronics 
Taylor Electrical 
Tinsiey, H. 

Venner Electronics 
Wayne Kerr Labs. 
Winston Electronics 


OSCILLATORS, electronic— 


Craven Electronics 
Farnell Instruments 
Leland Instruments 
Marconi Instruments 
Mullard Equipment 
Plessey Nucieonics 
Rank Cinte!l 

Research & Control Inst. 
Sciaky Electric Welding 


beat frequency Solartron Lintronic 
Circle No. 716 §%-S. Electronics Lock, A. M. 
Aveley Biectic Taylor Electrical Londex 
B. & K. Labs. Newman Industries 
British Physical Labs. OSCILLOSCOPES, cathode-ray—  Parmeko 
Brown, S. G. storage Photoelectronics (.0.M.) 
Bruce Peebles + Circle No. 722 _‘Pillinger, G. C. 
Claude Lyons British Central Elec. Radiovisor Parent 


Cole (Overseas), R. H. 
Cossor Instruments 
Craven Instruments 
Parnell Instruments 
Leland Instruments 
Marconi Instruments 
Research & Control Inst. 


OSCILLATORS, electronic— 

microwave 
* Circle No. 717 

Aveley Electric 
B. & K. Labs. 
Bradiey, G. & EB. 
Bruce Peebles 
Cole (Overseas), R. H. 
Decea Radar 
Farnell Instruments 
Ferranti 
Leland Instruments 
Marconi Instruments 
Research & Control Inst. 
Sanders (Flectronics), W. H. 
Telecommunication Inst. 
Wayne Kerr Labs. 
Winston Electronics 


OSCILLATORS, 


ultrasonic 


electronic— 


* Circle No. 718 

Advance Components 
Aveley Electric 
British Sarozal 

Bruce Peebles 
Craven Electronics 
Parnell! Instruments 
Furzehil! Instruments 
Glass Developments 
Kelvin & Hughes 
Marconi Instruments 
Wayne Kerr Labs. 


OSCILLATORS, electronic— 
very low freavency 
* Circle No. 719 
Advance Components 
Airmec 
Armstrone Whitworth Equip. 
Aveley Flectric 
Bruce Peebles 
Claude Lyons 
Craven Flectronics 
Dawe Instruments 
Dobbie McInnes 
Farnell Instruments 
Feedback 
Leland Instruments 
Louis Newmark 
Metrix Instruments 
Muirhead 
Nash & Thompson 
Pye, W. G. 
Research & Control! Inst 
Servomex Controts 
Short Bros. & Harland 
Siemens Edison Swan 
Solartron 
S. S. Plectronice 
Taylor Electrical oe 
OSCIL! OSCOPES, cathode-ray— 
calibrated 
* Circle No. 720 
Aerocontacts 
Airmec 
Allied Flectronics 
Avelev Flectric 
British Central Elec. 
Bruce Peebles 
Cawkell 
Cossor Tostruments 
Craven Electronics 
FMI Electronics 
Purzehill Labs. 
Farnell Instruments 
Holiday & Hemmerdinger 
Kasama Electronics 
Leland Instruments 
Louis Newmark 
Marconi Instruments 
Mullard Equipment 
Pleesey Co 
R.C.A. (G.B) 
Research & Control Inst. 
Sanders (Plectronics), W. H. 
Sciaky Electric Welding 
Solartron 


OSCILLOSCOPES, cathode-ray— 
non-calibrated 
% Circle No. 721 
A.C.M. Electronics 
A.E.I. 
Aerocontacts 
Airmee 


OSCILLOGRAPHS. 


Bruce Peebles 

Cawkell 

Cossor Instruments 
Perranti 

Leland Instruments 
Mullard Equipment 
Sciaky Electric Welding 
Solartron 


ders 


OXYGEN ANALYSERS. 
ded under Analytical instru- 
ments 


PHASE-ANGLE INDICATORS 
*% Circle No. 
Armstrong Whitworth Equip. 


Kandem Electrical 


Lancashire Dynamo Elect. 


Louis Newmark 
Muirhead 


Salford Elec. Instruments 


Saunders- Roe 


Sciaky Electric Wedding 
Short Bros. & Harland 


White & Riches 


pH CONTROLLERS. See also 


Controllers 


pH CONTROLLERS — electric 


output 


*% Circle No. 724 
Bailey Meters & Control 
British Arca Regulators 


Bristol Inst. 


Cambridge Instruments 


Doran Instrument 
Electrofio Meters 
Elliott Brothers 
Ether 

Fielden Electronics 
Foxboro- Yoxall 
George Kent 
Honeywell Controls 
Integra Leeds 
Kandem Electrical 


Langham Thompson, J. 


Lock, A. M. 
Pye, W. G. 


Research & Control Inst. 


Wykeham, W. 


pH CONTROLLERS—pneumatic 
* Circle No, 725 


output 


Bristol Inst. 


British Arca Regulators 


Cambridge Instrument 
Electrofio Meters 
Elliott Brothers 
Elliott Nucleonics 
Fielden Electronics 
Foxboro-Yoxall 
George Kent 
Honeywell Controls 
Kandem Electrical 
Wykeham, W. 


pH INDICATORS 
%*% Circle No. 726 
Analytical Measurements 
Bailey Meters & Control 


B. & K. Labs. 
Bristol Inst. 


Cambridge Instrument 


Doran Instrument 
Elliott Brothers 
Griffin & George 
G.E.C. 

George Kent 
Kandem Electrical 


Langham Thompson, J. 


Marconi Instruments 
Pye, W. G. 


Research & Control Inst. 


Reynolds & Branson 
Wykeham, 


PHOTOCELLS. 
detectors. 


PHOTOELECTRIC CONTROL- 
See also Controllers, 


* Circle No, 727 


LERS. 
electric 


Airmec 

A.E.I. 

Allied Electronics 
British Central Elec. 
Bruce Peebles 
Craven Electronics 
Digital a 
Elcontrol 

Electro Methods 


Electronic Switchgear 
Electrotechnic 


See Recor. 


See Sneieten 
s 


Rheostatic Co. 
Sanders (Electronics), W. H. 
Stonebridge Electrical 
Teddington Ind. Equip. 


Tyer 
Venner Electronics 


PHOTOMETRIC INSTRU- 
MENTS, continuous reading. 
See also Spectrometers and 


ers 

%*% Circle No. 728 
Baldwin Industrial Controls 
Evans Electroselenium 
Gallenkamp, A. 
Griffin & George 
Joyce Loebel 
Lancashire Dynamo Elect. 
Radiovisor Parent 
Sargrove Electronics 
Southern Instruments 


Inclu- 
723 


PLUGS AND SOCKETS— 


coaxial 

%* Circle No. 729 
Aerocontacts 
Aircraft Marine Prod. 
Amphenol (G.B.) 
Aveley Electric 
Belling & Lee 
B.1.C.C. 
British Central Elec. 
British Sarozal 
Claude Lyons 
Colvern 
Farnell Instruments 
Films & Equipments 
Hellermann 
Holiday & Hemmerdinger 
1.E.C.-Sieger 
M.B. Metals 
Magnet Devices 
Marconi, W. T. 
Plessey Co. 
Radiospares 
R.C.A. (G.B.) 
Ryecroft Electric 
Sealectro Corporation 
Siemens Edison Swan 
Stewart Aero Supply 
Vidor Batteries 
Wilkinson (Croydon), L. 


PLUGS AND SOCKETS— 

single and multiway 
* Circle No. 730 
Aerocontacts 
Aircraft Marine Prod. 
Amphenol (G.B.) 
Aveley Electric 
Belling & Lee 
British Central Elec. 
British Sarozal 
Bulgin, A. F. 
Continental Connector 
Electro Methods 
Electronic Components 
Farnell Instruments 
Films & Equipments 
Hellermann 
Holiday & Hemmerdinger 
London Instrument Co. 
Magnet Devices 
M.B. Metals 
S.F. 

Plessey Co. 
Radiospares 
R.C.A. (G.B.) 
Reosound Engineering 
Sealectro Corporation 
Siemens Fdison Swan 
Simplex Electric 
Spear Engineering 
Stewart Aero Supply 
Thorn Electrical Industries 
Vidor Batteries 
Wilkinson (Croydon), L. 


PLUGS AND SOCKETS— 

sub-miniature 
* Circle No. 731 
Aecrocontacts 
Aircraft Marine Prod. 
Amphenol (G.B.) 
Ardente Acoustic Lab. 
Belling & Lee 
Bulgin, A. F. 
Continental Connector 
Electro Methods 
Farnell Instruments 
Films & Equipments 
Hellermann 
L.E.C.-Sieger 
M.B. Metals 
Multitone Electric Co. 
N.S.F. 
Plessey Co. 
Radiospares 
R.C.A. (G.B.) 
tion 


Sealectro Corpora 
Spear Engineering 
Stewart Acro Supply 


% For further details circle on card facing page 214 


Thorn Electrical Ind. 
Vidor Batteries 


PLUGS AND SOCKETS— 
wired 


* Circle No. 732 


Acrocontacts 

Aircraft Marine Prod. 
Amphenol (G.B.) 
Continental Connector 


Plessey 
R.C.A. (G.B.) 
Siemens Edison Swan 


Stewart Acro Supply 


POLAROGRAPHS 


* Circle No, 733 
Baird & Tatlock 


POSITION TRANSDUCERS. 
See Displacement transducers 


POTENTIOMETERS, 
servo—linear 
* Circle No. 734 
Air Trainers Link 
Beckman Instruments 
Bristol Inst. 
British Ele. Resistance Co, 
British Sarozal 
Brown, S. G. 


precision 


Colvern 

Electronic Associates 
Elliott Brothers 
Elliott Nucleonics 
Farnell Instruments 
Ferranti 

Fox, P. X. 

General Controls 
Graseby Instruments 
Honeywell Controls 
Integra Leeds 

Kynmore Eng. 

Painton & Co. 

Plessey Co. 

Radiospares 

Reliance Mfg. Co. 
Salford Elec. Instruments 
Sperry Gyroscope 
Stewart Acro Supply 
Winston Electronics 


POTENTIOMETERS, 
servo—non-linear 
*% Circle No. 735 
Air Trainers Link 
Beckman Instruments 
British Elec. Resistance Co. 
British Sarozal 
Brown, S. G. 
Colvern 
Farnell Instruments 
Fox, P. X, 
General Controls 
Kelvin & Hughes 
Kynmore Eng. 
Plessey Co. 
Radiospares 
Reliance Mfg. Co. 
Salford Elec. Instruments 
Sperry Gyroscope 
Stewart Acro Supply 
Winston Electronics 


POTENTIOMETERS, 

servo—miniature 
%* Circle No. 736 

Ardente Acoustic Lab. 
Beckman Instruments 
British Flec. Resistance Co. 
Brown, 
Colvern 
Farnell Instruments 
Ferranti 
Fox, P. X. 
General Controls 
Langham Thompson, J. 
Mervyn Instruments 
Painton & Co. 
Plessey Co. 
Radiospares 
Reliance Mfg. Co. 
Salford Elec. Instruments 
Stewart Acro Supply 
Tinsley, H. 
Winston Electronics 


precision 


precision 


POWER PACKS—a.c. 


* Circle No, 737 


A.C.M. Electronics 
Advance Components 
Airtech 

Aveley Electric 
Allied Electronics 
Automation Consultants 
British Central Elec. 
British Sarozal 
Brown, S. G. 

Bruce Peebles 

Bryan Savage 

Decca Radar 
Electrotechnic Ltd. 
Farnell Instruments 
George Kent 
Hatfield Instruments 
Hirst Electronics 
Kasama Electronics 


Marconi, W. T. : 
Metrix Instruments } 
Miles- Hivolt \ 
Newport Instruments 


Piessey Co. 

Research & Control Inst. 

Sanders (Electronics), W. H. 

Servomex Controls 

Siemens Edison Swan 
London 


South Elec. Equip. 
T ‘ics 
Transformer & Electric 

Vv 


POWER PACKS—d.c. 
* Circle No. 738 | 
A.C.M. Electronics 
Advance Components 
Airtech 
Allied Electronics 
A.P.T. Electronic Indust. ‘ 
Armstrong Whitworth Equip. 
Automa Engineering 
Automation Consultants 
Aveley Electric 
Air Trainers Link 
Boulton Paul Aircraft 
British Central Elec. 


Clive Courtney 
Cossor Instruments 
Dynatron Radio 
Ekco Electronics 
Electrotechnic 
Ericsson Telephones 
Farnell Instruments 
Feedback 

George Kent 
Haddon Transformers 
Hatfield Instruments 
Hirst Electronics 
Kasama Electronics 
Kelvin & Hughes 
Kendall & Mousiey 


Lintronic 

Marconi Instruments 
Marconi, W. 

Metrix Instruments 
Miles-Hivolt 

Nash & Thompson 
Newport Instruments 
Parmeko 

Plessey Co. 

Pye, W. G. 

Research & Control Inst. 
Robinson & Partners, F, C, 
Sanders (Electronics), W. H 
Saunders-Roe 

Servomex Controls 

Smith Jacking Systems 
Solartron 

South London Elec, Equip. 
S.S. Electronics 

Stanley & Co., W. F. 
Telecommunication 
Telemechanics 

Thorn Electrical Ind. 
Transformer & Electrical 
Vernons Industries 

White & Riches 
Woden ormer 


POWER PACKS—hydraulic 
* Circle No. 739 
Dowty Equipment 
owt Hydraulic Units 


H.M.L, 

Hydraulics & Pneumatics 
Integral 

Joseph Lucas 

Joseph Lucas (H. & C.) 
Keelavite Hydraulics 
Lomaend® Precision Products 
Marley, W. H. 

Oswalds & Ridgway 
Plessey Co. 

Pratt Precision 

Smiths Jacking Systems 
Spenborough Engineering 
Stein Atkinson 


POWER PACKS—pneumatic 
* Circle No. 7 

Air Pumps 
Atlas Copco (G.B.) 
Alfred Bullows 
Consolidated Pneumatic | 
Dawson McDonald 
Electrofio Meters 


H.E.C. | 
Holman Bros. A 
Hydraulics & Pneumatics | 
Hymatic Engineering i 
Reavell-Fahie qi 


PRESSURE CONTROLLERS. | 
See also Controllers t 


4 
PRESSURE CONTROLLERS— ’ 
electric output 
% Circle No. 741 : 
Appleby & Ireland | 
Bailey Meters & Control 
Black Automatic Controls | 
Bristol Inst. 
Cambridge 


Craven 
Danfoss 
Delta Technical Services 
Dewrance 


Drayton Regulator 
Electrofio Meters 


Instrument | 








George Kent 

Honeywell Controls 
Integra Leeds 

James Gordon 

John Thompson Instrument 
Kandem Electrical 

Kelvin & Hughes 

K.D.G, Instruments 
Lancashire Dynamo Elect. 
Lintronic 

Londex 

Normalair 

Rheostatic Co. 

Sauter Controls 

Swartwout 

Teddington Ind. Equip. 
Thermal Control Company 


Foxboro-Y oxall 

Fuel Efficiency 

George Kent 

Graseby Instruments 
Honeywell Controls 

Hunt & Miuon 

Kandem Electrical 

Kelvin & Hughes 
K.D.G. Instruments 
Leybold Vacuum Sales 
Nottingham Thermometer 
Payne & Griffiths 

Salford Elec. Instruments 
Smith & Sons (England), S. 
Smiths Industrial Inst. 
Staniey, W. FP. 

Sunvic Controls 

Sydrey Smith 

Taylor Controls 
Teddington Ind, Equip. 
Wallace & Tiernan 


PRESSURE INDICATORS— 


PRESSURE CONTROLLERS— 

pneumatic output 
* Circle No. 742 

Aeraspray Associated 
Bailey Meters & Control 
Benton & Stone 
British Arca Regulators 
Bristol Inst. 
Cheltenham Autocontrols 
Crosby Valve & Eng. 
Delta Technical Services 
Dunlop Rubber 
Drayton Regulator 
Elec. Steam & Mining 
Electrofio Meters 
Elliott Brothers 
Elliott Nucleonics 
Fielden Electronics 
Fisher Governor 
Foxboro- Y oxall 
George Kent 
Hobson, H, M. 
Honeywell Controls 
Hymatic Engineering 
James Gordon 
Kandem Electrical 
K.D.G. Instruments 
Martonair 
Negretti & Zambra 
Norgren, C. A. 
Normalair 
Reavell-Fahie 
Samson Controls 
Sauter Controls 
S.E. Laboratories 
Stuart Davis 
Sunvic Controls 
Taylor Controls 
Teddington Ind. Equip. 
Volspray 
Westinghouse Brake 


PRESSURE INDICATORS— 
pressure-sensitive wire 
*% Circle No. 743 
Cossor Instruments 
Lintronic 
Solartron 


PRESSURE INDICATORS— 
temperature-resistance effect 
* Circle No. 744 

Smith & Sons (England), S. 


PRESSURE INDICATORS 
Those which follow employ 
mechanical measuring ele- 
ments 


PRESSURE INDICATORS— 

bellows 
* Circle No. 745 

Appleby & Treland 
Bamford, FP. 
Black Automatic Controls 
Bristol Inst. 
Cheltenham Autocontrols 
Delta Technical Services 
Electroflo Meters 
Elliott Brothers 
Elliott Nucleonics 
Evershed & Vignoles 
Foxboro-Y oxall 
Fuel Efficiency 
George Kent 
Graseby Instruments 
HoneyWell Controls 
James Gordon 
John Thompson Instrument 
Kelvin & Hughes 
Leybold Vacuum Sales 
Payne & Griffiths 
Sangamo Weston 
Short & Mason 
Sunvic Controls 
Sydney Smith 
Taylor Controls 
Teddington Ind. Equip. 
Vernon Instrument 


PRESSURE INDICATORS 

bourdon tube 
* Circle No, 746 

Appleby & Ireland 
Bailey & Mackey 
Biack Automatic Controls 
Bristol Inst. 
British Steam Specialties 
Budenberg Gauge 
Delta Technical Services 
David Harcourt 
Dewrance 
Elliot: Brothers 
Electrofio Meters 
Elliot. Nucleonics 
Evershed & Vignoles 
Fielden Electronics 





diaphragm, metallic 
% Ciréle No. 747 

Appleby & Ireland 
Aeraspray Associated 
Armstrong Whitworth Equip. 
Bailey & Mackey 

Black Automatic Controls 
Bristol Inst. 

British Steam Specialties 
Budenberg Gauge 
Cheltenham Autocontrols 
David Harcourt 

Delta Technical Services 
Electro-Mechanical Systems 
Elliott Brothers 

Elliott Nucleonics 
Evershed & Vignoles 
Fielden Electronics 

Firth Cleveland Instruments 
Foxboro-Y oxall 

James Gordon 

Kandem Electrical 

K.D.G. Instruments 
Kelvin & Hughes 

Leybold Vacuum Sales 
M.B. Metals 

Mechanism 

Nottingham Thermometer 
Payne & Griffiths 

Salford Elec. Instruments 
Saunders-Roe 

S.E. Laboratories 

Sigma Inst. 

Short & Mason 

Smiths Industrial Inst. 
Taylor Controls 
Thermaicon Co. 

Staniey, W. FP. 

Sydney Smith 


PRESSURE INDICATORS— 

diaphragm, non-metallic 
Circle No, 748 

Appleby & Ireland 
Bailcy & Mackey 
Black Automatic Controls 
Bristol Inst. 
Cheltenham Autocontrols 
Delta Technical Services 
Drayton Regulator 
Electroflo Meters 
Elliott Brothers 
Elliott Nucleonics 
Evershed & Vignoles 
George Kent 
K.D.G. Instruments 
Precision Rubbers 
Taylor Controls 


PRESSURE INDICATORS— 

liquid-sealed bell 
% Circle No. 749 

Delta Technical Services 
Electrofio Meters 
Elliot; Brothers 
Elliott Nucleonics 
Foxboro-Y oxall 
Honeywell Controls 
Sigma Inst. 
Taylor Controls 
Walker Crosweller 


PRESSURE INDICATORS— 
McLeod gauge 
* Circle No, 750 
Edwards High Vacuum 
Leybold Vacuum Sales 
Pulsometer Eng. 


PRESSURE INDICATORS— 
ring-balance manometer 
*% Circle No. 751 
Electrofio Meters 
George Kent 


PRESSURE INDICATORS— 


U-tube manometer 


%*% Circle No, 752 


Airflow Developments 
Bristol Inst. 

Bryans Aeroequipment 
Combustion Instruments 
Delta Technical Services 
Edwards High Vacuum 
Electrical Thermometer 
Electroflo Meters 

Elliott Brothers 

Elliott Nucleonics 
Evershed & Vignoles 
Foxboro-Yoxall 

George Kent 

Hobson, H. M. 

John Thompson Instrument 
Kelvin & Hughes 
Leybold Vacuum Sales 
Nottingham Thermometer 
Stanley, W. F. 


PRINTED CIRCUITS, 


Sydney Smith 
Taylor Controls 
Vernon Instrument 
Walker Crosweller 


design 
and production facilities 

* Circle No. 753 
A.E.L. 


Armstrong Whitworth Equip. 
Bribond 

Bruce Peebles 
Continental Connector 
Cossor Instruments 
Ericsson Telephones 
Ferranti 

G.E.C. 

Louis Newmark 

Millett Levens 

Peto Scott 

Piessey Co. 

Printed Circuits 

Rank Cintel 

Rank Precision Industries 
R.C.A. (G.B.) 

Sealey Engineering 
Siemens Edison Swan 
Technograph 
Telecommunication Inst, 
Vidor Batteries 


PRINTERS—on-line 
* Circle No. 754 
Creed & Company 
Electronic Associates 
LC.T. 
Lindars Automation 
Radiatron 
Rank Precision Industries 
Trumetet 
Venner Electronics 


PRINTERS—off-line 
*% Circle No. 755 
Creed & Company 
Electronic Associates 
Hilger & Watts 
L.c.T 


Rank Precision Industries 
Saunders-Roe 
Underwood 


PROGRAMME CONTROLLERS, 
See Controllers, programme 


PULSE HEIGHT ANALYSERS 

* Circle No, 756 

Dynatron Radio 

Ekco Electronics 

Isotope Developments 

Lion Electronic Developments 

Marshall of Cambridge 

Mullard Equipment 

Nuclear Enterprises 

Panax Equipment 

Plessey Nucieonics 

Research & Control Inst. 

Sunvic Controls 


PUMPS, HYDRAULIC—positive- 
displacement, fixed delivery 
% Circle No. 757 
Andrew Fraser 
Bailey, Sir W. H. 
B. & P. Swift 
Chamberlain Industries 
Dowty Fuel Systems 
Dowty Hydraulic Units 
Electro-Hydraulics 
Fawcett Preston 
Hamworthy Eng. 
H.M.L. 
Hobson, H. M. 
Holman Bros. 
Hydraulics & Pneumatics 
Integral 
James W. Carr 
Joseph Lucas 
Joseph Lucas (H. & C.) 
Keelavite Hydraulics 
Lockheed Precision Products 
Marley, W. H. 
Measurement Ltd. 
Oswalds & Ridgway 
Plessey Co. 
Pratt Precision 
Plenty & Son 
Power Jacks 
Pulsometer Eng. 
Reavell-Fahie 
Smith & Sons (England), S. 
Smith Jacking Systems Ltd. 
Spenborough Engineering 
Sperry Gyroscope 
Stein Atkinson 
Tangyes 
Towler Bros. 
Varley, FP. M. C, 
Vickers 
Wallace & Tiernan 
Worthington Simpson 
Vickers-Armstrong 














Kontak Manufacturing RADIATION nu- CONTROL 
Lockheed Precision Products cleonic. See also Counters BUYERS’ 
Measurement Limited (scintillation and ) GUIDE 
Plessey Co. * Circle No, 767 960 
Pieny & Son Airmee 

Pulscmeter Eng. Avo 


Smith & Sons (England), S. 
Sperry Gyroscope 

Tangyes 

Variey, F. M. C. 

Vickers 

Vickers-Armstrong 
Wallace & Tiernan 
Worthington Simpsoa 


PUMPS, HYDRAULIC—roto- 


dynamic 

* Circle No, 759 
Electro-Hydraulics 
Girdiestone Pumps 
H.M.L. 
Hobson, H. M. 
Lockheed Precision Products 
Smith & Sons (England), S. 
Spenborough Engineering 


PUMPS, METERING 
* Circle No, 700 

Distillers 
Hobson, H. M. 
H.M.L. 
Joseph Lucas 
Joseph Lucas (H & C) 
Kontak Manufacturing 
Metering Pumps 
Pienty & Son 
Piessey Co. 
Wallace & Tiernan 


Baldwin Industrial Controls 
Bruce Pecbies 

Dynatron Radio 

Ekco Electronics 

Eliiou Brothers 

Ericsson Tclephones 
Fieming Radio 

General Radiological 
Hendrey Relays 

Isotope Developments 
Joseph Lucas 

Labecar 

Mervyn Instruments 
Nuclear Enterprises 
Panax Equipment 

Plessey Nuciconics 
Radiatron 

Research & Control Inst. 
20th. Century Electronics 
Vidor Batteries 


RADIATION DETECTORS, infra- 


red—bolometers 

% Circle No. 768 
Plessey Co. 
20th. Century Electronics 


RADIATION DETECTORS, infra- 


red—pneumatic 
% Circle No. 769 
Unicam Instruments 


RADIATION DETECTORS, infra- 


PUNCHED CARD EQUIPMENT 
*% Circle No, 761 
Bray, E. N. 
Fuel Efficiency 
Gresham Developments 
IBM United Kingdom 
LS... 


PUNCHED CARD AUXILIARY 
EQUIPMENT 
*% Circle No. 762 
Punched Card Accessories 


PUNCHED TAPE EQUIPMENT 
*% Circle No. 763 
Creed & Company 
Digital Engineering 
Ericsson Telephones 
Thy A 
Lancashire Dynamo Elect. 
R.C.A. (G.B.) 
Underwood 
Welmec Corporation 


PYROMETERS—optical 
* Circle No. 764 

Cambridge Instruments 
Elliott Brothers 
Elliott Nucleonics 
Ethct 
Evershed & Vignoles 
Foster Instrument 
Griffin & George 
Honeywell Controls 
Integra Leeds 
Kandem Electrical 
Land Pyrometers 
Plessey Co. 
Radiovisor Parent 


PYROMETERS—thermocouple 
*% Circle No. 765 

Bailey Meters & Control 
British Sarozal 
Bush, Beach, Segner Bayley 
Cambridge Instrument 
Coley Thermometers 
Electroflo Meters 
Elliott Brothers 
Elliott Nucleonics 
Ether 
Evershed & Vignoles 
Fielden Electronics 
Foster Instrument 
Fuel Efficiency 
Griffin & George 
Harvey Electronics 
Headland Eng. Developments 
Honeywell Controls 
Integra Leeds 
Industrial Pyrometer 
Kandem Electrical 
James Gordon 
John Thompson Instrument 
Kelvin & Hughes 
Land Pyrometers 
Negretti & Zambra 
Page Engineering 
Sangamo Weston 
Sifam Electrical Instruments 
Taylor Controls 
West Instrument 
White Electrical Instruments 


PUMPS, HYDRAULIC—»positive- 


displacement, 
livery 


variable 


* Circle No. 75 
Andrew Fraser 
Boulton Paul Aircraft 
Dowty Fuel Systems 
Dowty Hydraulic Units 
Electro-Hydraulics 
H.M.L. 
Hobson, H. M. 
Holman Bros. 
Hydraulics & Pneumatics 
Hamworthy Eng. 
Integral 
Joseph Lucas 
Joseph Lucas (H. & C.) 
Keelavite Hvdraulics 
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de. RACKS, MOUNTING 


*% Circle No. 766 

8 A.C.M. Electronics 

Alfred Imhof 

British Sarozal 

Bruce Peebles 

Datum Metal Products 

Digital Engincering 

Dynatron Radio 

Ericsson Telephones 

George Kent 

Hallam Sleigh & Cheston 

Lund Bros. 

Rank Cintel 

Reosound Engineering 

Telecommunication Inst. 

Witkinson (Croydon), L. 


red—semi-conductor 
%*% Circle No. 770 
Bruce Peebles 
Cole (Overseas), R. H. 
Hilger & Watts 
Mullard 
Piessey Co. 
Standard Telephones 


RADIATION DETECTORS, infra- 
red—thermocouple 
*% Circle No. 771 
Elliott Brothers 
Hilger & Waus 
Honeywell Controls 
Integra .Leeds 
Kandem Electrical 


RADIATION DETECTORS, infra- 
red—other than the preced- 
ing types 

* Circle No. 772 
Bruce Peebles 
Cathodeon 
Radiovisor Parent 
Technical Ceramics 
20th, Century Electronics 


RADIATION DETECTORS, 

photocell—photoconductive 
% Circle No, 773 

Bruce Peebles 
Cathodeon 
Cole (Overseas), R. H. 
Ericsson Telephones 
Hilger & Watts 
Kandem Electrical 
Mullard 
Mervyn Instruments 
Radiovisor Parent 
Rank Cintel 
R.C.A. (G.B.) 
Texas Instruments 


RADIATION DETECTORS, 

photocell—photoemissive 
* Circle No. 774 

Baldwin Industrial Controls 
Bruce Peebles 
Cathodeon 
Cole (Overseas), R. H. 
EMI Electronics 
Mullard 
Radiovisor Parent 
Rank Cintel 
20th. Century Electronics 


RADIATION DETECTORS, 
photocell—phototransistor 
*% Circle No, 775 
Bruce Peebies 
Hilger & Watts 
Mullard 
Rank Cintel 
R.C.A. (G.B.) 
Timothy Eaton 


RADIATION DETECTORS, 
photocell—photovoitaic 
* Circle No, 776 
Bruce Peebles 
Ferranti 


RADIOACTIVE SOURCES. 
Isotopes 


RAILWAY SIGNA! LING 

EQUIPMENT 
* Circle No. 777 

Bruce Peebles 
Brust: Electrical 
Engel & Gibbs 
G.B.C. 
Miles-Hivolt 
M.L. Aviation Company 
Page Engineering 
Piessey Co 
Siemens Edison Swan 
Standard Telephones 
Telecommunication Inst. 
Thorn Electrical Ind. 
Westinghouse Brake 17 


See 










































































































































RAT-REL 


RATEMETERS. See Counters 
"TEES wacubions 


NES 
*% Circle No, 778 
Solartron 


READ-OUT —" 


magnetic ta 

> Circle No. 779 
Ampex Electronics 
Decca Radar 
Epsyion Industries 
Gresham Developments 
Lc.T. 
Newman Industries 
R.C.A, (G.B.) 
Royston Instruments 
Standard Telephones 
Thermionic Products 


READ-OUT EQUIPMENT— 


r tape 
— *% Circle No. 780 
Creed & Company 
Ericsson Telephones 
Leland Instruments 
Radiatron 
R.C.A. (G.B.) 
Servo Units 
Standard Telephones 
Underwood 


RECORDERS — galvanometer, 
direct writing, spark or 
method other than pen 

* Circle No, 781 
Bailey Meters & Control 
Dobbie McInnes 
Electrofio Meters 
Evershed & Vignoles 
Eltiott Brothers 


Ether 

Films & Equipments 

Fuel Efficiency 

Hendrey Relays 
1.E.C.-Sieger 

John Thompson Instrument 
Kandem Electrical 

Kelvin & Hughes 

Metrix Instruments 

New Electronic Products 
§.E. Laboratories 

Servis R 

Sierex 

Sifam Electrical Instruments 
Welmec Corporation 


RECORDERS — galvanometer 

direct writing, pen 
y Circle No. 782 

Bailey Meters & Control 
British Sarozal 
Cambridge Instrument 
Dobbie McInnes 
Electronic Associates 
Elliott Brothers 
Elliott Nucleonics 
Everett Edgcumbe 
Evershed & Vignoles 
Fuel Efficiency 
Fielden Electronics 
LE.C.-Sieger 
Integra Leeds 
James Gordon 
Kandem Electrical 
Kelvin & Hughes 
Langham Thompson, J. 
Metrix Instruments 
Record Elec. 
Research & Control Inst. 
Welmec Corporation 


RECORDERS — galvanometer 
light beam, photographic re- 


cordin 

: * Circle No. 783 
British Sarozal 
Cambridge Instrument 
Electro-Mechanical Systems 
Ernest Turner 
Evershed & Vignoles 
Films & Equipments 
L.E.C.-Sieger 
Kandem Electrical 
New Electronic Products 
Savage & Parsons 
S.E. Laboratories 
Southern Instruments 
Tinsley, H. 


RECORDERS—miniature pneu- 
—_ (scale smaller than 


in.) 
* Gircle No. 784 

Bristol Inst. 
Electrofio Meters 
Elliot Borthers 
Eltiott Nucleonics 
Foxboro-Y oxall 
Honeywell Controls 
Kandem Electrica! 
Sunvic Controls 
Taylor Controls 
Vernon Instrument 


RECORDERS—miniature _elec- 
tronic (scale smaller than 


9 in.) 

% Circle No. 785 
Bailey Meters & Control 
British Sarozal 
Cambridge Instrument 
Dewrance 
Electrofio Meters 
Eltiott Brothers 
Elliott Nucieonics 


Ether 

Evershed & Vignoles 
Fielden Electronics 

Firth Cleveland Instruments 


RECORDERS—+pecial 


James Gordon 

Kandem 

Mervyn Instruments 
Metrix Instruments 

Rank Cintel 

Research & Control Inst. 


Swartwout 
Taylor Controls 


RECORDERS—operations 


* Circle No. 786 
Bailey Meters & Control 
Elliott Brothers 
Everett Edgcumbe 
Evershed & Vignoles 
Foxboro-Yoxall 
Hasler Telegraph Works 
Lancashire Dynamo Elect. 
Robinson & Partners, F. C. 


RECORDERS — self-balancing 


potentiometric recorders, cir- 
cular chart 
%*% Circle No, 787 
Bailey Meters & Control 
Bristol Inst. 
Craven Electronics 
Electrofio Meters 
Electronic Switchgear 
Elliott Brothers 
Elliott Nucleonics 
Foster Instrument 
Foxboro-Y oxall 
Fielden Electronics 
Fuel Efficiency 
George Kent 
Honeywell Controls 
LE.C.-Sieger 
Integra Leeds 
James Gordon 
John Thompson Instrument 
Lancashire Dynamo Elect, 
Parkinson Cowan Instruments 


RECORDERS — self-balancing 


potentiometric recorders, 
strip chart 

*% Circle No. 788 
Avelcy Electric 
Bailey Meters & Control 
Cambridge Instrument 
Electrofio Meters 
Electronic Switchgear 
Elliott Brothers 
Elliot. Nucleonics 
Ether 


Evershed & Vignoles 

Firth Cleveland Inst. 

Foster Instrument 

Fuel Efficiency 

George Kent 

Headland Eng. Developments 
Honeywell Controls 
1.E.C.-Sieger 

Industrial Pyrometer 

Integra Leeds 

James Gordon 

Kandem Electrical 
Lancashire Dynamo Elect. 
Parkinson Cowan Instruments 
Research & Control Inst 
Southern Instruments 

Sunvic Controls 


purpose 
* Circle No. 789 

British Rototherm 

British Sarozal 

Cambridge Instrument 

Dawe Instruments 

Digital Engineering 

Dobbie McInnes 

Electro Methods 

Epsylon Industries 

Lancashire Dynamo Elect. 

Marconi W. T. 

Rank Precision Industries 

Research & Control Inst. 

Sifam Electrical Instruments 

Sigma Inst. 

Smiths Industrial Instruments 

Thomas Mercer (Air Gauges) 

Walker Crosweller 

White & Riches 


RECORDERS—.1-Y 


* Circle No. 790 
Air Trainers Link 
Benson-Lehner (G.B.) 
Bryans Acroequipment 
Dobbie McInnes 
Electronic Associates 
Honeywell Controls 
Integra Leeds 
L.E.C.-Sieger 
Lancashire Dynamo Elect. 
Louis Newmark 
Research & Control Inst. 
Scientific Furnishings 
S.E. Laboratories 
White & Riches 


RECTIFIERS, electronic. See 
Valves, electronic—rectifying 


RECTIFIERS, meta! 
% Circle No. 791 

British Central Elec. 
Cole (Overseas), R. H. 
Fuller Electric 
G.E.C. 
Hackbridge & Hewittic 
Hirst Electronic 
Holiday & Hemmerdinger 
Lancashire Dynamo Nevelin 
Langham Thompson, J. 
Miles-Hivolt 
Radiospares 
Salford Elec. Instruments 
Standard Telephones 


Sones Acco Saaee 


Westinghouse Brake 
Wilkinson (Croydon), L. 


RECTIFIERS, mercury arc 
ne *% Circle No, 792 
A.E.I. 


British Central Elec. 
Bruce Peebles 
English Electric 
Puller Electric 
G.BL. 


Hackbridge & Hewittic 
Hirst Electronics 
Lancashire Dynamo Nevelin 
Miles-Hivolt 


RECTIFIERS, semi-conductor 
ae * Circle No, 793 
A.E.L. 


Brush Crystal 

Cole (Overseas), R. H. 
English Electric 

English Electric Valve 
Ferranti 

G.E.C. 

Holiday & Hemmerdinger 
Hackbridge & Hewittic 
Joseph Lucas 

Lancashire Dynamo Nevelin 
Mullard 

Plessey Co. 

R.C.A, (G.B.) 

Siemens Edison Swan 
Texas Instruments 
Westinghouse Brake 


REFRIGERATION CONTROL- 
LERS 


* Circle No. 794 
Bristol Inst. 
British Arca Regulators 
Brit. Klockner Switchgear 
Cambridge Instrument 
Danfoss 
Dewhirst & Partner 
Elliott Brothers 
Frigidaire 
Integra Leeds 
Sauter Controls 
S.E. Laboratories 
Teddington Ind. Equip. 
Teddington Refrigeration 


Sutton Coldfield Elec. Eng. 
Tyer 
Vernons Industries 


RELAYS, electric—differential 


* Circle No. 798 
B. & R. Relays 
Electric Remote Control 
English Electric 
Engel & Gibbs 
Bray, E. N. 
Evershed & Vignoles 
Elliott Brothers 
Fuller Electric 
Ferranti 
John Thompson Instrument 
Jack Davis Relays 
Londex 
Magnet Devices 
Muirhead 
Plessey Co. 
Simmonds, L. E. 
Sunvic Controls 


RELAYS, electric—high voltage 


Circle No. 
Autophone 
B. & R, Relays 
Bray. E. N. 
British Sarozal 
Electric Remote Control 
Electrical Apparatus 
Elliott Brothers 
Engel & Gibbs 
English Electric 
Fuller Electric 
Hendrey Relays 
Jack Davis Relays 
Londex 
Magnet Devices 
Magnetic Controls 
Mervyn Instruments 
Plessey Co. 
Sanders (Electronics), W. H. 
Simmonds, L. E. 
Standard Telephones 


* Circle No. 795 RELAYS, cece Ne. g00 RELAYS, electri oving coil 


RELAYS, electric. See also 
Solenoids 

RELAYS, electric—choppe 
Clare, C. P. 


Elliott Brothers 

Elliott Nucleonics 
Ericsson Telephones 
George Kent 

Honeywell Controls 
Hasler Telegraph Works 
Landis & Gyr 

Siemens Edison Swan 
Simmonds, L. E 
Stewart Acro Supply 
Telephone Manufacturing 


RELAYS, electric—contactors 
* Circle No, 796 

Allen West & Co. 
Arrow Electric Switches 
Asquith Electrics 
Bray, E. N. 
Brookhirst Igranic 
C.N.S. Instruments 
Danfoss 
Dewhurst & Partner 
Donovan Electrical 
Electro Methods 
Elliott Brothers 
Electrical Apparatus 
Engel & G'bbs 
Electro-Mechanical Systems 
Fuel Efficiency 
Hendrey Relays 
Hirst Electronics 
Jack Davis Relays 
John Morris Elec. Eng. 
Kingston Control Systems 
Klockner Moeller 
Lancashire Dynamo Nevelin 
Londex 
Magnet Devices 
Morecambe Electrical 
M.T.E. Control Gear 
Nalder Bros. & Thompson 
Plessey Co. 
Rheostatic Co. 
Robinson, D. 
Sauter Controls 
Sciaky Electric Welding 
Sharp Control Gear 
Simplex Electric 
Square D 
Stewart Aero Supply 
Viasto Clark & Watson 


RELAYS, electric—electronic 
%*% Circle No. 797 

Automatic Telephone 
B. & R. Relays 
British Sarozal 
Bruce Peebles 
Brush Electrical 
Craven Electronics 
Dewrance 
Elcontrol 
Electric Remote Control 
Electrical Thermometer 
Electronic Switchgear 
Elliott Brothers 
Ericsson Telephones 
Evans Electronic Develop. 
Jack Davis Relays 
James Gordon 
Lancashire Dynamo Elect. 
Landis & Gyr 
Londex 
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Arrow Electric Switches 
Austinlite 

B. & R. Relays 

Bray, E, N. 

Brookhirst Igranic 
Clarke, C. P. 

C.W.C. Equipment 
Dewhurst & Partner 
Electric Remote Control 
Electrical Apparatus 
Electro Magnetic Control 
Electro-Mechanical Systems 
Elliott Brothers 

Engel & Gibbs 

Jack Davis Relays 

Landis & Gyr 

Londex 

Magnet Devices 

Magnetic Controls 
Morecambe Electrical 
M.T.E. Control Gear 
Page Engineering 
Robinson, D. 

Sanders (Electronics), W. H. 
Sciaky Electric Welding 
Simmonds, L. E. 

Square D 

Telephone Manufacturing 
Thorn Electrical Ind. 


RELAYS, e!-ctric—magnetic 


Circle No. 801 
A.D.S. Relays Limited 
Arrow Electric Switches 
Automatic Telephone 
Autophone 
B. & R. Relays 
Brookhirst Igranic 
Cathodeon 
Clare, C. P. 
Dewhurst & Partner 
Diamond H Switches 
Donovan Electrical 
Electrical Apparatus 
Electric Remote Control 
Electro Magnetic Control 
Electro Methods 
Electrical Thermometer 
Elliott Brothers 
Engel & Gibbs 
English Electric 
Ericsson Telephones 
Ferranti 
Fuel Efficiency 
Hendrey Relays 
Jack Davis Relays 
John Morris Elec. Eng. 
Landis & Gyr 
Londex 
Magnet Devices 
Magnetic Controls 
Morecambe Electrical 
M.T.E. Control Gear 
N.S.F. 
Page Engineering 
Plessey Co. 
Robinson, D. 
Sanders (Electronics), W. H. 
Sharp Control _ 
Simmonds, L. 
Square D 
Stewart Acro Supply 


Standard Telephones 


Telephone Manufacturing 
Wilkinson (Croydon), L. 
Woden Transformer 


RELAYS, ecm en Ne 


Circle No, 802 
B. & R. Relays 
Clare. C. P. 
C.N.S, Instruments 
Electric Remote Control 
Electrical Thermometer 
Electro Magnetic Control 
Electro Methods 
Elliott Brothers 
Engel & Gibbs 
Hendrey Relays 
LA.C. 
Isenthal 
Londex 
Magnetic Controls 
Robinson, D. 
Simmonds, L. E. 


RELAYS, electric—miniature 


Circle No, 803 
Automatic Telephone 
B. & R. Relays 
British Sarozal 
Clare, C. P. 
Diamond H Switches 
Electric Remote Control 
Electrical Thermometer 
Electro Magnetic Control 
Electro Methods 
Elliott Brothers 
Engel & Gibbs 
Ericsson Telephones 
Jack Davis Relays 
Louis Newmark 
Leland Instruments 
Londex 
Magnet Devices 
N.S.P. 
Oliver Pell 
Page | mneuaeding 
P.A.R 
Plessey Co. 
Robinson, D. 
Siemens Edison Swan 
Simmonds, L. E. 
Stewart Aero Supply 
Standard Telephones 
Thorn Electrical Ind. 
Wilkinson (Croydon), L. 


Woden Transformer 


Circle No. 804 
Austinlite 
Clare, C. P. 
Electrical Apparatus 
Electro Methods 
Elliott Brothers 
Everett Edgcumbe 
Evershed & Vignoles 
G.E.C, 
Jack Davis Relays 
Landis & Gyr 
Page Engineering 
Record Elec. 
Robinson, D. 
Salford Elec. Instruments 
Sangamo Weston 
Smiths Industrial Inst. 
Stewart Aero Supply 
Thorn Electrical Ind. 
Westool 


RELAYS, electric—polarized 
* Circle No. 805 
Automatic Telephone 
B. & R. Relays 
Clare, C. P. 
Cole (Overseas), R. H. 
Elliott Brothers 
English Electric 
Ericsson Telephones 
Fuller Electric 
E.C 


Hasler Telegraph Works 
Jack Davis Relays 

Landis & Gyr 

Simmonds. L. E. 
Standard Telephones 
Telephone Manufacturing 
Wilkinson (Croydon), L. 


RELAYS, electric—power 
%* Circle No. 806 
B. & R. Relays 
Bray, E. N. 
Diamond H Switches 
Donovan Electrical 
Electric Remote Control 
Electro Magnetic Control 
Engel & Gibbs 
English Electric 
Fuller Electric 
G.E.C. 
Hendrey Relays 
Jack Davis Relays 
Landis & Gyr 
Londex 
Magnet Devices 
Magnetic Controls 
Nalder Bros. & Thompson 
Plessey Co. 
Robinson, D. 
Simmonds, L. E. 
Standard Telephones 
__ Thorn Electrical Ind. 
RELAYS, electric—sensitive 
* Circle No. 807 


ce 


~~ 


ee 


—— 


a 





REL-SCA 


Hasler Telegraph Works 
Jack Davis Relays 
Landis & Gyr 

Londex 

Magnet Devices 


Electric Remote Control 
Electroflo Meters 

Elliott Brothers 
Ericsson Telephones 
Everett Edgcumbe 


Research & Control Inst. 
Servo & Electronic Sales 
Servo Units 

Smiths Industrial Inst. 
Sperry Gyroscope 


Magnetic Controls Evershed & Vignoles Telemeters 

Oliver Pell Fuel Efficiency Vernon Instrument 

Plessey Co. G.E.C, 

Robinson, D. George Kent REMOTE INDICATION AND 
Sanders (Electronics), W. H. Graseby Instruments CONTROL, electrical—volt- 


Siemens Edison Swan 


Gresham Developments 
Simmonds, L. EB. 


Hendrey Relays 


Austinlite 

Automatic Telephone 

B, & R. Relays 

Bray, E. N. 

Brookhirst Igranic 
Brush Electrical 
Coventry Controls 
Dewhurst & Partner 
Donovan Electrical 
Electric Remote Control 
Electrical Apparatus 
Electrical Thermometer 
Electro Magnetic Control 


Magneta Time Co. 
Magnetic Controls 
Page Engineering 
Parkinson Cowan Instruments 
Reavell-Fahie 

Sargrove Electronics 
Sound Diffusion 
Standard Telephones 
Teddington Ind. Equip. 
Vernon Instrument 
Walker Crosweller 
W.S. Electronics 


age signallin 
Circle No. 818 


Standard Telephones Honeywell Controls Austinlite 
Telephone Manufacturing Integra Leeds Bailey Meters & Control 
Wilkinson (Croydon), L. K.D.G. Instruments Bruce Peebles 
Lancashire Dynamo Elect. Brush Electrical 
RELAYS, electric—time dela Landis & Gyr Elliott Brothers 
* Circle No. Laurence Scott Elliott Nucleonics 
Allied Electronics Lock, A. M. Ericsson Telephones 


Evershed & Vignoles 
Fuel Efficiency 

Gresham Developments 
Honeywell Controls 
K.D.G. Instruments 
Lancashire Dynamo Elect. 
Magnetic Controls 

Page Engineering 
Reavell-Fahie 

Research & Control Inst. 
Servo Units 

Sigma Inst. 

Sound Diffusion 


INDICATION AND 


Electro Methods REMOTE INDICATION AND Sperry Gyroscope 
Elliott Brothers CONTROL, electrical—fre- | Teddington Ind. Equip. 
Engel & Gibbs quency signalling 

Ericsson Telephones %* Circle No. 815 REMOTE 

—, Electric Austinlite CONTROL, mechanical 


Automatic Telephone 
Armstrong Whitworth Equip. 
Bristol Inst. 

Bruce Peebles 


Hasler Telegraph Works 
Hendrey Relays 
Jack Davis Relays 


* Circle No. 819 
Addison Electric 
Armstrong Whitworth Equip. 
Bailey Meters & Control 


John Morris Elec. Eng. Craven Electronics B. & K. Labs. 
Kingston Control Systems Elliott Brothers B. & R. Relays 
Landis & Gyr Everett Edgcumbe Bristol Inst. 
Londex G.E.C 


Magnet Devices 

Magnetic Controls 

M.T.E, Comrol Gear 
Morecambe Electrical 
Nalde: Bros. & Thompson 


Gresham Developments 
Honeywell Controls 
Integra Leeds 

Lancashire Dynamo Elect. 
Laurence Scott 


British Central Elec. 
British Sarozal 

Bruce Peebles 
Cambridge Instrument 
Dewrance 

Electroflo Meters 


Plessey Co. Magneta Time Co. Electrotechnic Ltd. 
Paee Engineering Marconi W. T. Elliott Brothers 
Robinson, D. Parkinson Cowan Instruments General Controls 
Siemens Edison Swan Rank Cintel 


Simmonds, L. B, 
Smith Hobson 
Square D 

Sunvic Controls 
Vernons Industries 
Vernon Instrument 
Welmec Corporation 


RELAYS, hydraulic 
* Circle No. 810 
British Arca Regulators 
Dowty Equipment 
Electrofio Meters 
Electro-Hydraulics 


Sargrove Electronics 
Sound Diffusion 
Standard Telephones 
Teddington Ind. Equip. 
Walker Crosweller 
W.S. Electronics 


REMOTE INDICATION AND 
CONTROL, electrical — im- 
pulse signalling 

* Circle No. 816 
Armstrong Whitworth Equip. 
B. & R. Relays 
Bristol Inst. 


Graseby Instruments 
H. & B. Precision Eng. 
Hasler Telegraph Works 
Hobson, H ° 
Icknield Engineering 
Instrument Installations 
Magneta Time Co. 
Neeretti & Zambra 
Paton Hawksley 
Pelapone Engines 
Reavell-Fahie 

Samson Controls 

S.E, Laboratories 
Sound Diffusion 
Southern Instruments 


— ’ H.M Bruce Peebles Taylor Controls 

: obson, H. M. Electric Remote Control Teddington Ind. Equip. 
ntegral Elliott Brothers Teleflex Products 
Muirhead Elliot Nucleonics Trumeter 

Reavell-Fahie Ericsson Telephones Veeder-Root 


G.E.C. 
George Kent 
Gilmoor Control Systems 
Graseby Instruments 
Gresham Developments 
Hasler Telegraph Works 
IBM United Kingdom 
Lancashire Dynamo Elect. 
Landis & Gyr 
Magneta Time Co. 
Magnetic Controls 
Marconi W.T. 
Measurement Limited 
Parkinson Cowan Instruments 
RELAYS, pneumatic—multiply- Plessey Co. 

ing Rank Cintel 

* Circle No. 812 Siemens Edison Swan 

Bailey Meters & Control Sound Diffusion 

British Arca Regulators Sutton Coldfield Elec. Eng. 

Cheltenham Autocontrols Teddington Ind. Equip. 

Electrofio Meters Vernon Instrument 


RELAYS, pneumatic—adding 
%* Circle No. 811 

Bailey Meters and Control 
British Arca Regulators 
Cheltenham Autocontrols 
Electrofio Meters 
Electro-Hydraulics 
George Kent 
James Gordon 
Sauter Controls 
Sunvic Controls 
Taylor Controls 


Vernon Instrument 
Westinghouse Brake 
West Instrument 

White Dental Mfg. 


RESISTANCE THERMOMETER 


BULBS 

* Circle No. 820 
Bailey Meters & Control 
Bristol Inst. 
Bush, Beach & Segner Bayley 
Cambridge Instrument 
C.N.S. Instruments 
Electrofio Meters 
Elliott Brothers 
Elliott Nucleonics 
Fielden Electronics 
Foster Instrument 
Foxboro-Yovall 
Headland Eng. Developments 
James Gordon 


Electro-Hydraulics Kandem Electrical 

George Kent REMOTE INDICATION AND Kelvin & Hughes 

James Gordon CONTROL, electrical—posi- Sangamo Weston 

Sauter Controls tion or ratio signalling (such Smith & Sons (England), S. 
Sunvic Controls as resistance slidewire Sunvic Controls 


%& For further details circle on card facing page 214 


RESISTORS, 


%* Circle No, 822 RESISTORS, flexible 


RELAYS. ma - bridges, inductance bridges, Swartwout 
Electro Magnetic Control onion pneumatic—propor a 7 on. 
Circle No. 813 ; Isyns, synchros, West Instrument 

Engel Bailey Meters & Control etc. 

een Tecohones British Arca Regulators Circle No. 817 RESISTORS, Cued—corten one 

G.E.C. Cheltenham Autocontrols Appleby & Ireland * Circle No. 

Harvey Electronics Drayton Regulators Aveley Electric Anders a 

Hendrey Relays Electrofio Meters Bailey Meters & Control Aveley Elect ® mee 

Jack Davis Relays Evershed & Vignoles Bruce Peebles _ British ane see 

Leland Instruments Electro-Hydraulics Craven Electronics Bush, Beach & Segner Bayley 

Londex Fisher Governor Mecwete hiner Se . 

Magnet Devices George Kent Elliott TS ‘uments 

Piessey Co. James Gordon Evershed & Vignoles Holiday & Hemmerdinger 

Robinson, D. Sauter Controls Fielden Electronics Kendall & Mousicy 

Simmonds, L. E. Sunvic Controls Firth Cleveland Instruments Le Carbone (Great Britain) 

Standard Telephones George Kent Morgan Crucible Co. 

Telephone Manufacturing REMOTE INDICATION AND Graseby Instruments Morganite Resistors 

Wilkinson (Croydon), L. CONTROL, electrical—cur- Gresham Developments i. ah 

Woden Transformer rent signalling Honeywell Controls tanley . A 

%* Circle No, 814 aes ae eee tien upp y 
RELAYS, electric—telephone Austinlite ntegra s elw tlec. Labs. 
% Circle No, 808 Automatic Telephone Revie & Hughes Wilkinson (Croydon), L. 

A.D.S. Relays Limited Automation Systems etay , 

Automatic Telephone Bailey Meters & Control K.D.G. Instruments RESISTORS, fixed—high  sta- 

Autophone Bristol Inst. Lanes Dynamo Elect. bility 

B. & R, Relays Bruce Peebies awdsley’s 

British Sarozal C.J.R. Muirhead Anders Electronics 

Electric Remote Control Craven Electronics Parkinson Cowan Instruments Aveley Electric 

Elliott Brothers Dewhurst & Partner Parmeko Birch, H. A. 

Engel & Gibbs Dewrance Pullin, R. B. British Central Elec. 

Ericsson Telephones Dowty Nucleonics Reavell-Fahie Bush, Beach & Segner Bayley 


Electrothermal Eng. 

Erie Resistor 

Farnell Instruments 
Holiday & Hemmerdinger 
Kendall & Mousiey 
Lawrence Electronics 

Le Carbone (Great Britain) 
Miles-Hivolt 

Painton & Co. 

Plessey Co. 

Radiospares 

Standard Telephones 
Stanley Palmer, G. A. 
Stewart Aero Supply 
Welwyn Elec. Labs. 
Wilkinson (Croydon), L. 


fixed—precision 
wire-wound 

* Circle No. 823 
A.E.W. 


Alma Components 
Anders Electronics 
Aveley Electric 

British Central Elec. 
British Sarozal 
Cambridge Instrument 
Doran Instrument 
Electronic Components 
Electro-Mechanical Systems 
Electrothermal Eng. 
Ernest Turner 

Farnell Instruments 
Fox, P. X. 

General Controls 
Kandem Electrical 
Kendall & Mousiey 
Labgear 

Lawrence Electronics 
McMurdo Instrument Co. 
Miles-Hivolt 

Muirhead 

Painton & Co. 


Pye, W. G. 

Radiospares 

Rivlin Instruments 
Stanley Palmer, G. A. 
Stewart Aero Supply 
Welwyn Elec. Labs. 
White Electrical Inst. 
Wilkinson (Croydon), L. 


RESISTORS, fixed—sub-minia- 
ture 
%* Circle No. 824 
A.E.W. 


Alma Components 
Ardente Acoustic Lab. 
Aveley Electric 

British Central Elec. 
Cole (Overseas), R. H. 
Erie Resistor 

Farneli Instruments 
General Controls 
Painton & Co. 
Plessey Co. 

Standard Telephones 
Stanley Palmer, G. A. 
Stewart Aero Supply 
Welwyn Elec. Labs. 


RESISTORS, 

ture sensitive 
* Circle No. 825 

Aveley Electric 
British Central Elec. 
Electrothermal Eng. 
Le Carbone (Great Britain) 
Plessey Co. 
Standard Telephones 
Texas Instruments 


fixed—tempera- 


RESISTORS, fixed — wire- 
wound 
* Circle No. 826 
A.E.W. 


Alma Components 
Aveley Electric 

Birch, H. A. 

British Central Elec. 
British Ele. Resistance Co. 
British Sarozal 
Brookhirst Igranic 
Bulgin, A. F. 

Cressall Mfg. 

Doran Instrument 
Electronic Components 
Electrothermal Eng. 


RESISTORS, variable—composi- 


RESISTORS, 


























































































Erie Resistor 
Ernest Turner 
Farnell Instruments 
Fawcett Preston 
General Con 
G.B.C. 


John Morris Elec. Eng. 
Kendall & Mousiecy 
Labgear 

Miles-Hivolt 

Muirhead 

Oliver Pell 

Painton & Co. 
Plessey Co. 


Radiospares 

Resistances 

Stanley Palmer, G. A. 
Stewart Acro Supply 
Tinsley, H. 

Welwyn Elec, Labs. 

White Elecwical Instruments 
Wilkinson (Croydon), L. 


% Circle No, 827 
Electrothermal Eng. 
Fawcett Preston 
Plessey Co. 
Welwyn Elec. Labs. 


tion 
* Circle No, 828 

Anders Electronics 
Aveley Electric 
Dunlop Rubber 
Holiday & Hemmerdinger 
Morganite Resistors 

S.F. 
Plessey Co. 
Radiospares 
Reliance Mfg. Co. 
Stewart Aero Supply 
Wilkinson (Croydon), L. 


variable — sub- 


*% Circle No, 829 
Amphenol (G.B.) 
Anders Electronics 
Aveley Electric 
Ferranti 
Fox, P. X. 
Miles-Hivolt 
Plessey Co. 
Radiospares 
Reliance Mfg. Co. 
Stewart Acro Supply 
Thorn Electrical Ind. 


RESISTORS, variable — wire- 
wound 


miniature 


Circle No, 830 
Amphenol (G.B.) 
Anders Electronics 
Aveley Electric 
Birch, H. A. 
British Sarozal 
Brookhirst Igranic 


Bulgin, A, PF. 
Colvern 
Cressall Mfg. 


Doran Instrument 
Electronic Components 
Farnell Instruments 
Ferranti 

Fox, P. X. 

G.E.C. 

General Controls 
Holiday & Hemmerdinger 
Isenthal 

John Morris Elec. Eng. 
Kendall & Mousiey 
Miles-Hivolt 

Painton & Co. 
Plessey Co. 

Radiospares 

Reliance Mfg. Co. 
Resistances 

Stewart Acro Supply 
Welwyn Elec. Labs. 
Wilkinson (Croydon), L. 
Zenith Electric 


ROTARY TRANSFORMERS, See 
verters 


SALINITY INDICATORS 
% Circle No, 831 
Cossor Instruments 
Electronic Switchgear 
Evershed & Vignoles 
Griffin & George 


SATURABLE REACTORS. 
Amplifiers, magnetic 


SCANNING EQUIPMENT. See 


See 


also logging equipment 
* Circle No, 832 

A.E.L. 

Airtech 

Bruce Peebles 


Cambridge Instrument 
C.N.S. Instruments 
Decca Radar 

De Havilland Propellers 
Digital Engineering 
Electroflo Meters 
Electro-Mechanical Systems 
Elliott Brothers 

Elliott Nucleonics 
Epsylon Industries 
Ericsson Telephones 
Fielden Electronics 
G.E.C 


Gilmoor Control Systems 
Glass Developments 19 

































































































































































Integra Leeds 

James Scou Elec. Eng 
Lindars Automation 
Lintronic 

Marconi Instruments 
Pancilit 

Peto Scott 

Rank Cintel 
Solartron 

Sunvic Controls 


SCINTILLATION COUNTERS. 
See Counters, scintillation 


SEAL RINGS (O, U and ~ 
* Circle No. 833 
Dowty Seals 
Dunlop Rubber 
George Angus 
Hall & Hall 
Henry Beakbane 
James Walker 
Joseph Lucas 
Joseph Lucas (H. & C.) 
N.G.N. Electrical 
Polypenco 
Precision Rubbers 
Supe: Oi; Seals 


SEALS—-graphite 
% Circle No, 834 
Le Carbone (Great Britain) 


SEALS—mechanica! 
%* Circle No. 835 
Danfoss 


Dowty Seals 

George Angus 

James Walker 

Kniumesh 

Le Carbone (Great Britain) 
Ronald Trist 

Super Oil Seals 


SELSYNS. See Remote indica- 
tion and control, electrical 


SEMICONDUCTOR MATER- 
(ALS 
* Circle No. 836 
Brush Crystal 


Johnson Matthey 

Mining & Chemical Prod. 
Newmarket Transistors 
Piessey Co. 

R.C.A. (G.B.) 

Texas Instruments 


SEQUENCE CONTROLLERS 
%*% Circle No, 837 

Atkins Robertson 
Automa Engineering 
Bray, E. N. 
Bristol Inst. 
Brit. Klockner Switchgear 
British Sarozal 
Bruce Peebles 
British Federal Welder 
Cambridge Instrument 
CJ.R. 


Craven Electronics 

De Havilland Propellers 
Delta Technical Services 
Dewhurst & Partner 
Digita! Engineering 
Elconwol 

Electric Remote Control 
Electrofio Meters 
Electronic Switchgear 
Elliot. Brothers 

Elliot: Nucleonics 
Ericsson Telephones 
G.B.C. 

Gresham Developments 
Jones Tate 

Lancashire Dynamo Elect. 
Magnetic Controls 
Mullard Equipment 
Nickols Automatics 
Newman Industies 
Research & Control Inst. 
Sargrove Electronics 
Sharp Control Gear 
Soutrern Instruments 
Sterling Instruments 
Taylor Controls 
Telemeters 

Timothy Eaton 


SERVOSYSTEM ANALYSERS. 
See Frequency response ana- 
lysers 


SERVOSYSTEM COMPONENT 
KITS 


*% Circle No. 838 
Bruce Peebles 
Feedoack 
Harvey Electronics 
Integra Leeds 
Pioneer Designs 
Sealey Engineering 
Servo & Electronics Sales 
Servomex Controls 


Servo Units 

Short Bros. & Harland 
Vactric Control Equipment 
White & Riches 


SHIP STABILIZING SYSTEMS 
See Automatic ship stabiliz- 
ing systems 


SIGNAL GENERATORS. 
Generators and Oscillators 


SIMULATORS. See also Com- 


puters, analogue 


SIMULATORS—-ircra 
c =— No. 839 
Air Trainers Link 
Electronic Associates 
Elliott Brothers 


Louis Newmark 
Marconi, W. T. 
Miles-Hivolt 

Panellit 

Saunders Roe 

Short Bros. & Harland 
White & Riches 


SIMULATORS—feel 
Circle No. 840 
Air Trainers Link 
Electronic Associates 
Hobson, H. M. 
Miles-Hivolt 
Panellit 
Saunders-Roe 


SIMULATORS—general research 
*% Circle No. 841 
Air Trainers Link 
Bruce Brothers 
Electronic Associates 
Elliot. Brothers 
Louis Newmark 


Miles-Hivolt 
Newman Industries 
Panellit 


Rank Cintel 

Royston Instruments 
Short Bros. & Harland 
Saunders-Roe 

White & Riches 


SIMULATORS—anuclear reactor 
ARI % Circle No. 842 


Air Trainers Link 
Electronic Associates 
Elliott Brothers 
Elliot: Nucleonics 
English Electric 
Integra Leeds 
Miles-Hivolt 

Panellit 
Saunders-Roe 

Short Bros. & Harland 
Solartron 


[eee train- 


& Circle No, 843 
Air Trainers Link 
Bruce Peebles 
Electronic Associates 
Elliot. Brothers 
Elliott Nucleonics 
Miles-Hivolt 
M. L. Aviation Co. 
Panellit 
Saunders-Roe 
Solartron 
Telecommunications Inst. 
White & Riches 


SIMULATORS—radar, tactical 
* Circle No. 844 
Air Trainers Link 
A.P.T. Electronic Indust. 
Electronic Associates 


Marconi, W. T. 
Miles- Hivolt 
Panellit 


Rank-Cintel 
Solartron 
Telecommunication Inst. 


SLIP RINGS—flat 
*% Circle No. 845 
I.D.M. Electronics 


SLIP RINGS—miniature, 


ment 

* Circle No. 846 
Kelvin & Hughes 
1.D.M. Electronics 


SLIP RINGS—rin 
* Circle No. 847 
Graseby Instruments 
I.D.M. Electronics 


instru- 


SMOKE-DENSITY INDICATORS 
* Circle No. 848 

Baldwin Industrial Controls 
British Central Elec. 
Bailey Meters & Control 
Craven Electronics 
Electrofio Meters 
Fielden Electronics 
Foster Instrument 
G.E.C. 
Glass Developments 
Griffin & George 
Integra Leeds 
John Thompson Instrument 
Kelvin & Hughes 
Lancashire Dynamo Elect. 
Lock, A. M. 
Londex 
Newman Industries 
Photoclectronics (M.O.M.) 
Radiovisor Parent 
Ronald Trist 
Sargrove Electronics 


SOLENOIDS. 
electric solenoid 


See STORAGE UNITS, computer— 


delay lines 


*% Circle No. 849 


Automation Consultants 
Cossor Instruments 


See Actuators, 


Louis Newmark 
Mullard Equipment 
Siemens Edison Swan 


STORAGE UNITS, computer— 
ferrite cores 
% Circle No. 850 
Automation Consultants 
Gresham Developments 
Lintronic 
Mullard 


Standard T. elephones 


STORAGE UNITS, computer— 
magnetic drum 
* Circle No. 851 
Automatic Telephone 
Epsylon Industries 
Rank Cintel 
R.C.A. (G.B.) 
Sperry Gyroscope 
‘ Standard Telephones 


. va 
STORAGE UNITS, computer— 
magnetic tape 
* Circle No, 852 
Ampex Electronics 
Decca Radar 
Electro-Mechanical Systems 
Electronic Associates 
Epsyion Industries 
Gresham Developments 
New Electronic Products 
R.C.A. (G.B.) 
Royston Instruments 
Thermionic Products 


STORAGE UNITS, computer— 


tubes 
%* Circle No, 853 
Cathodeon 
Lintronic 
Mullard Equipment 
R.C.A. (G.B.) 


SOUND LEVEL INDICATORS 
% Circle No. 854 
Aveley Electronic 
Allied Electronics 
Claude Lyons 
Dawe Instruments 
Ernest Turner 
Farnell Instruments 
Standard Telephones 
Taylor Electrical 


SPECIFIC GRAVITY INDICA. 
TORS. See Density and spe- 
cific gravity indicators 


SPECTROMETERS and spectro- 
photometers, direct reading— 


infra-red 

*% Circle No. 855 
Bellingham & Staniey 
Gallenkamp, A. 
Hilger & Watts 
Joyce Loebel 
Mervyn Instruments 
Perkin-Elmer 
Unicam Instruments 


SPECTROMETERS and spectro- 
photometers, direct reading— 


mass 
* Circle No. 856 
20th. Century Electronics 


SPECTROMETERS and spectro- 
photometers, direct reading— 


microwave 

% Circle No. 857 
B. & K. Labs. 
Research & Control Inst. 


SPECTROMETERS and spectro- 
photometers, direct reading- 
nuclear magnetic resonance 

* Circle No. 858 
Fairey 
Mullard Equipment 


SPECTROMETERS and spectro- 
photometers, direct reading— 
paramagnetic 

* Circle No. 859 
Research & Control Inst, 


SPECTROMETERS and spectro- 
photometers, direct reading— 
visual and ultra-violet 

* Circle No. 860 
Bellingham & Stanley 
Evans Electroselenium 
Gallenkamp, A. 
Griffin & George 
Hilger & Watts 
Joyce Loebl 
Optical Works 
Perkin-Elmer 
Southern Instruments 
Unicam Instruments 


SPECTROMETERS and spectro- 
photometers. direct reading— 
X-ray fluorescent 

*% Circle No. 861 
Hilger & Watts 
Solartron 


SPEED MEASURING INSTRU- 
MENTS. See Tachometers 


STANDARD CELLS. See Cells, 
electric 


% For further details circle on card facing page 214 


STAENT, See Sut Se Sottches, static 


STRAIN 
%*% Circle No. 862 

Bryans Acrocquipment 
Farnell Instruments 
Langham Thompson, J. 
Linwonic 
Research & Control Inst. 
Saunders-Roe 
Technograph 
Teddington Ind. Equip. 
Tinsley, H. 


STRAIN GAUGES—unbonded 
% Circle No. 863 
Bryans Acroequipment 
Ericsson Telephones 
G.E.C, 
Langham Thompson, J. 
Lintronic 


Paton Hawksicy 
Research & Control Inst. 
Technical Ceramics 
Technograph 

Teddington Ind. Equip. 
Tinsiey, H 


STRIP-CHART RECORDERS 
See Recorders 


STROBOSCOPES 
* Circle No, 864 

Allied Electronics 
Claude Lyons 
Dawe Instruments 
Farnell Instruments 
Graseby Instruments 
Giesler, C. F. R. 
Lancashire Dynamo Elect. 
Research & Control Inst. 
Savage & Parsons 
Timothy Eaton 
Welmec Corporation 


SUPERVISORY SYSTEMS See 
— indication and con- 


SWITCHES—<contro! 
% Circle No, 865 

Allen West & Co. 
Arrow Electric Switches 
Asquith Electrics 
Austinlite 
Birfield Industries 
Black Automatic Controls 
Bray, E. N. 
British Central Elec. 
Brookhirst Igranic 
B.S.A, (Tools Division) 
Crater Products 
Delta Technical Services 
Dewhurst & Partner 
Diamond H Switches 
Dowty Nucleonics 
Electric Remote Control 
Electronic Components 
oT Electric 


Graseby Instruments 
Hendrey Relays 
K.D.G. Instruments 
Majestic Electric 
Piessey Co. 

Pye (Switch Div.), W. G. 
Sharp Control Gear 
Siemens Edison Swan 
Simplex Electric 
Standard Telephones 
Stewart Acro Supply 
Square D 

Sunvic Controls 
Teddington Ind. Equip. 
Watford Electric 


SWITCHES—electronic 
at * Circle No. 866 
A.E.I. 


Allied Electronics 

Ariel Sound 

Arrow Electric Switches 
Automation Consultants 
Black Automatic Controls 
B. & R. Relays 

British Federal Welder 
B.S.A, (Tools Division) 
Brush Elcctrical 

Craven Electronics 
Elcontrol 

Electronic Components 
Electronic Switchgear 
Ericsson Telephones 
Farnell Instruments 

H,. & B. Prec’sion Eng. 
Lancashire Dynamo Elect. 
Lock, 

Newman Industries 
Plessey Co. 

Pye (Switch Div.), W. G. 
Siemens Edisonswan 

S.S. Electronics 

Stewart Aero Supply 
Standard Telephones 
Sunvic Controls 

Sutton Coldfield Elec. Eng. 
Technograph 

Venner Electronics 
Vidor Batteries 

Woden Irinsformer 


SWITCHES—key 
¥* Circle No. 867 

Autophone 
British Central Elec. 
Brookhirst Igranic 
B.S.A. (Tools Division) 
Bulgin, A 
Crater Products 





Dewhurst & Partner 

elephones 
Graseby Instruments 
Hasler Telegraph Works 
Jack Davis Relays 


Law & Plumtree 
Muirhead 


Telephone Manufacturing 
Wilkinson (Croydon), L. A, 


SWITCHES—iever or le 
Cc ircle Ne. B68 


Arcolectric Switches 
Ardente Acoustic Lab. 
Arrow Electric Switches 
Armstrong Whitworth Equip. 
British Central Elec. 
Brookhirst Igranic 
B.S.A. (Tools Division) 
Bulgin, A. F. 

C.W.C. Equipment 
Dewhurst & Partner 
Diamond H Switches 
Dowty Nucleonics 
Ericsson Telephones 
Flight Refuelling 

G.E.C, 

Graseby Instruments 
Hasler Telegraph Works 
Holiday & Hemmerdinger 
Law & Plumtree 


Page Engineering 
Painton & Co. 

Piessey Co. 

Pye (Switch Div.), W. G. 
Radiospares 

Simplex Electric 
Standard Telephones 
Stewart Acro Supply 
Telephone Manufacturing 
Thermal Control Company 
Wilkinson (Croydon), L, 


SWITCHES—capacitance 
*% Circle No, 8689 

B.S.A. (Tools Division) 
Crater Products 
Ericsson Telephones 
Jack Davis Relays 
Kendall & Mousicy 
Muirhead 
N.S.F. 
Plessey Co. 
Radiospates 
Stewar: Aero Supply 
Telephone Manufacturing 
Vidor Batteries 


SWITCHES—mercury 
LA.C. 


SWITCHES—micro 
*% Circle No, 870 

Arcolectric Switches 
Arrow Electric Switches 
British Central Elec. 
B.S.A. (Tools Division) 
Bulgin, A P. 
Burgess Products 
Craig and Derricott 
Danfoss 
Dowty Nucleonics 
Holiday & Hemmerdinger 
Pye (Switch Div.), W. G. 
Stewarc Acro Supply 
Square D 


SWITCHES—push-button 
% Circle No. 871 

Allen West & Co. 
Arcolectric Switches 
Arrow Electric Switches 
Asquith Electrics 
Autophone 
British Central Elec. 
Brit. Klockner Sw tchgear 
Brookhirst Igranic 
B.S.A. (Tools Division) 
Bulgin, A. P. 
Burgess Products 
Craig & Derricou 
Crater Products 
Dewhurst & Partner 
Donovan Electrical 
Dowty Nucleonics 
Elliott Brothers 
Elliot. Nucleonics 
Ericsson Telephones 
Farnell Instruments 
Graseby Instruments 
Hasler Telegraph Works 
Jack Davis Relays 
Londex 
Magnet Devices 
M.B. Metals 
Morecambe Electrical 
M.T.E. Control Gear 
N.S.P. 
Page Engineering 
Painton & Co. 
Plessey Co. 
Radiospares 
Simplex Electric 
Square D 
Stewart Aero Supply 
Thorn Electrical Ind. 
Watford Electric 
Welmec Corporation 
Woden Transformer 


SWITCHES—rotary, hand- 


driven 
% Circle No, 872 
Arcolectric Switches 












SWI-THE 


Ardente Acoustic Lab. 
Arrow Electric Switches 
Asquith Electrics 
Austinlite 

British Central Elec. 
Brookhirst Igranic 
B.S.A. (Tools Division) 
Bulein, A. FP. 

Chilton Electric 

Craig & Derricott 
Crater Products 
Croydon Precision Instrument 
Dewhurst & Partner 
Diamond H Switches 
Electric Remote Control 
Electronic Components 
G.B.C. 

Hendrey Relays 
Kendall & Mousiey 
Taw & Plumtree 
Matestic Electric 
Muirhead 

N.S.F. 

Plessey Co. 

Pare FPnaineering 

Pre. W. G. 
Radiospares 

Sauare D 

Stewart Aero Supply 
Tinsley, H. 


SWITCHES—rotary, motor- 

driven 

* Circle No, 873 
Armstrong Whitworth Equip. 
Austintite 
Rritish Central Elec. 
Rrookhirst Igranic 
B.S.A. (Tools Division) 
Chilton Electric 
Croydon Precision Instrument 
Flectric Remote Control 
Flectronic Components 
Graseby Instruments 
1.D.M. Electronics 
N.S.F. 
Plessev Co. 
Pye. W. G. 
Robinson, D. 
Sharp Control Gear 
Stewart Aero Supply 
Vactric Control Equipment 


SWITCHES—-slide 
*& Circle No, 874 

Arcolectric Switches 
Ardente Acoustic Lab. 
Arrow Flectric Switches 
Rritish Central Elec. 
B.S.A: (Tools Division) 
Bulgin, A. P 
Flectronic Components 
N.S.F. 
Plessey Co. 
Radiospares 


SWITCHES—=static 
* Circle No. 875 
A.E.T. 


British Central Elec. 
Rrookhirst Igranic 

Bruce Peebles 

R.S.A. (Tools Division) 
Dewhurst & Partner 
Filiott Nucleonics 
Gresham Developments 
Lancashire Dynamo Elect. 
Plessey Co. 

Sanders (Electronics), W. H. 
Stewart Aero Supply 
Woden Transformer 


SWITCHES—stud 
%* Circle No. 876 

British Central Elec. 
British Elec. Resistance 
B.S.A. (Tools Division) 
Croydon Precision Instrument 
G.E.C, 
Muirhead 
Painton & Co. 


SWITCHES—sub-miniature 
%* Circle No. 877 

Ardente Acoustic Lab. 
British Central Elec. 
B.S.A. (Tools Division) 
Burgess Products 
Crater Products 
Graseby Instruments 
1.D.M. Electronics 
N.S.F. 
Page Engineering 
Plessey Co. 
Stewart Acro Supply 


SWITCHES—thermal delay 
* Circle No. 878 

Allied Electronics 
B.S.A. (Tools Division) 
Brit. Klockner Switchgear 
Coventry Controls 
Delta Technical Services 
Dewhurst & Partner 
Electric Remote Control 
Hivac 
Radiovisor Parent 
Siemens Edison Swan 


SWITCHES—time 
%* Circle No. 879 
A.E.1. 


Allied Electronics 
Bivac Air 

British Central Elec. 
B.S.A. (Tools Division) 
B. & R. Relays 

Bray, E. N 

Coventry Controls 
Crater Products 





Dewhurst & Partner 
Donovan Electrical 
Elcontrol 

Electric Remote Control 
Electro Magnetic Control 
Engel & Gibbs 

G.E.C. 

Graseby Instruments 
Horstmann Gear 
Hendrey Relays 

Page Engineering 
Robinson, D. 

Sangamo Weston 

Square D 

Sterling Instruments 
Sunvic Controls 

Sutton Coldfield Elec. Eng. 
Woden Transformer 
Williams (B’ham), R. A. 


SWITCHES—uniselector, 

ratchet-driven 
* Circle No. 880 

Autophone 
Automatic Telephone 
British Central Elec. 
B.S.A. (Tools Division) 
Electric Remote Control 
Ericsson Telephones 
Graseby Instruments 
Hasler Telegraph Works 
Jack Davis Relays 
N.S.F. 
Standard Telephones 
Wilkinson (Croydon), L. 


SWITCHES—uniselector, 

motor-driven 
* Circle No. 881 

Automatic Telephone 
British Central Elec. 
B.S.A. (Tools Division) 
Electric Remote Control 
Siemens Edison Swan 


SYNCHROS (including Mag- 
slips). See Remote control 
electrical 


SYNCHRO TEST EQUIPMENT 
* Circle No. 882 
Bruce Peebles 
E.M.O. Instrumentation 
Muirhead 
Pioneer Designs 
Solartron 


TACHOMETERS—<entrifucal 
* Circle No. 883 
Gallenkamp, A. 


TACHOMETERS—chronometric 
* Circle No. 884 

Hasler Telegraph Works 
Taneham Thompson, J. 
Rank Cintel 
Smith & Sons (England), S. 
Thermionic Products 
Venner Electronics 


TACHOMETERS 
—drag-cup motor 
* Circle No 
Hasler Telegranh Works 
Smiths Industrial Inst. 
Vactric Control Equipment 


TACHOMETERS—eddy current 
% Circle No. 886 
Icknield Engineering 
Smiths Industrial Inst. 
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TACHOMETERS—electric gen- 

erator, 2.c. 
%& Circle No. 887 

British Physical Labs. 
Rritish Central Elec. 
C.N.S. Instruments 
Crompton Parkinson 
Fvershed & Vienoles 
Filiott Brothers 
Hasler Teleeranh Works 
Kandem Electrical 
Ketay 
T aurence Scott 
Muirhead 
Metrix Instruments 
Pullin, R. B. 
Racal Instruments 
Record Flec. 
Smith & Sons (England), S. 
Smiths Industrial Inst. 
Stewart Acro Supply 
Salford Flec. Instruments 
Sperry Gyroscope 
Sangamo Weston 
Vactric Control Equipment 


TACHOMETERS—electric gen- 

erator, d.c. 
%* Circle No. 888 

British Central Elec. 
Evershed & Vienoles 
Flectro Methods 
Elliott Brothers 
Mortley Sprague 
G.E.C. 
Honeywell! Controls 
Kelvin & Hughes 
Laurence Scott 
Muirhead 
Pullin, R. B. 
Record Elec. 
Smiths Industrial Inst. 
Stewart Aero Supply 
Salford Elec. Instruments 
Sperry Gyroscope 
Vactric Control Equipment 
Walter Jones 


TACHOMETERS—electronic 
*% Circle No. 889 
Airmec 


Atkins Robertson 
Allied Electronics 
British Physical Labs. 
Brush Electrical 

Bryans Acroequipment 
C.N.S. Instruments 
Craven Electronics 
Ericsson Telephones 
Erie Resistor 

Farnell Instruments 
Giesler, C. F. R. 
Griinther Ind. Developments 
Hobson, H. M. 
Integral 

Joseph Lucas 
Lancashire Dynamo Elect. 
Langham Thompson, J. 
Metrix Instruments 
Paton Hawksley 

Rank Cintel 

Venner Electronics 


TACHOMETERS— impulse 
*% Circle No. 890 
British Physical Labs. 
Ericsson Telephones 
Firth Cleveland Instruments 
Labgecar 
Record Elec. 


TACHOMETERS 

—revolution counters 
* Circle No, 891 

Allied Electronics 
British Physical Labs. 
Carter, B. & FP. 
Firth Cleveland Instruments 
Hasler Telegraph Works 
Icknield Engineering 
Integral 
James W. Carr 
Labgear 
Langham Thompson, J 
Paton Hawksley 
Smith & Sons (England), S. 
Smiths Industrial Inst. 
Stewart Aero Supply 
Thomas Mercer 


TEACHING MACHINES. Sce 
also Simulators, personnel 
training 


* Circle No. 892 
Air Trainers Link 
Miles-Hivolt 
Panellit 
Solartron 


TELEMETERING SYSTEMS. See 
—- indication and con- 


TELEPRINTERS 
* Circle No. 893 
Creed & Co. 


TELEVISION EQUIPMENT, 


industrial 

% Circle No. 894 
Ampex Electronics 
Cathodeon 
Electro- Mechanical Systems 
Epsylon Industries 
Films & Equipments 
Farnell Instruments 
Lancashire Dynamo Elect. 
Magneta Time Co. 
Marconi, W. T. 
Plessey Co. 
Peto Scott 
Pye, W. G. 
Rank Cintel 
Research & Control Inst. 
Tyer 
Taylor Electrical 


TEMPERATURE CONTROL- 
LERS. See also Controllers 


TEMPERATURE CONTROLLERS 

—electric output 
% Circle No. 895 

Airmec 
A.M. Lock 
Armstrong Whitworth Equip. 
Automation Systems 
Bailey Meters & Control 
Black Automatic Controls 
Bristol Inst. 
Brit. Klockner Switchgear 
British Sarazol 
Bruce Peebles 
Cambridge Instrument 
C.N.S. Instruments 
Coley Thermometers 
Craven Electronics 
Danfoss 
Delta Technical Services 
Dewrance 
Drayton Regulator 
Elcontrol 
Electro-Magnetic Control 
Flectroflo Meters 
Elliott Nucleonics 
Elliott Brothers 
Ether 
Evershed & Vignoles 
Foster Instrument 
Poxboro-Yoxall 
Fuel Efficiency 
Fielden Electronics 
George Kent 
Graseby Instruments 
Hatfield Instruments 
Headland Eng. Developments 
Hirst Electronics 
Honeywell Controls 
Industrial Pyrometer 
Integra Leeds 
James Gordon 
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John Thompson Instrument 
Kandem Electrical 

Kelvin & Hughes 

Kingston Control Systems 
La Dynamo Elect. 
M.B. Metals 

Metrix Instruments 
Negretti & Zambra 


t 
Research & Control Inst. 
Rheostatic Co. 
Sargrove Electronics 
Short & Mason 
Sifam Electric Instruments 
Stonebridge Electrical 
Swartwout 
Teddington Ind. Equip. 
Thermal Control Co. 
Tyer 
Unity Heating 
Watford Electric 
West Instrument 
Winston Electronics 


TEMPERATURE CONTROLLERS 


neumatic output 
” % Circle No. 896 
Automation Systems 
Bailey Meters & Control 
Bristol Inst. 
British Arca Regulators 
Cambridge Instrument 
Cheltenham Autocontrols 
Crosby Valve & Eng. 
Delta Technical Services 
Drayton Regulator 
Elec, Steam & Mining 
Electrofio Meters 
Elliott Brothers 
Elliott Nucleonics 
Fielden Electronics 
Foxboro-Yoxall 
George Kent 
Honeywell Controls 
Integra 
James Gordon 
Kandem Electrical 
Negretti & Zambra 
Per! Controls 
Reavell-Fahie 
Samson Controls 
Sunvie Controls 
Taylor Controls 
Teddington Ind. Equip. 


TEMPERATURE INDICATORS. 
See Thermistors, Thermo- 
couples, Pyrometers, Resis- 


tance thermometer bulbs 


and Thermometers 


TEMPERATURE ALARM SYS- 
TEMS 


*% Circle No. 897 
A.E.I. 
Automation Systems 
Bailey Meters & Control 
Bamford, F. 
Rlack Automatic Controls 
Bristol Inst. 
Rritish Sarazol 
Rruce Peebles 
Cambridge Instrument 
Cheltenham Autocontrols 
Delta Technical Services 
Drayton Reeulator 
Flectroflo Meters 
Electrical Thermometer 
Flectrotechnic 
Fliliott Rrothers 
Elliott Nucleonics 
Frher 
Fvershed & Vignoles 
Foster Instrument 
Fuel Efficiency 
Fielden Electronics 
GEC. 
Georee Kent 
Hendiend Ere. Dev. 
Honeywell Controls 
Industrial Pyrometer 
Tntegra Leeds 
Tohn Thompson Instrument 
Kelvin & Hughes 
Kingston Control Systems 
Tancashire Dynamo Elect. 
Lintronic 
Negretti & Zambra 
Page Enginering 
Panellit 
Pelapone Engines 
Radiovisor Parent 
Short & Mason 
Sunvic Controls 
Swartwout 
Taylor Controls 
Teddington Ind. Equip. 
Teddington Refrigeration 
White & Riches 
Zeal, G. H. 


TEMPERATURE SENSITIVE 
PAINTS AND MATERIALS 
%*% Circle No. 898 
Rush, Beach, & Segner Bayley 
Ether 
Griffin & 
Headland Eng, Dev. 


TENSION INDICATORS 
% Circle No. 899 

Cambridge Instrument 
Davy & United Instruments 
Fred Ferraris 
Int. Engineering Concess. 
Jack Davis Relays 
James W. Carr 


Kelvin & Hughes 

M.L. Aviation 

Research & Control Inst. 
Saunders-Roe 

Thomas Mercer 


TEXTILE TESTING EQUIP. 
MENT 


* Circle No. 900 
British Sarozal 
Bruce Peebles 
Bryan Donkin 
Ericsson Telephones 
Evans Electroselenium 
Farnell Instruments 
Fielden Electronics 
Kelvin & Hughes 
Lancashire Dynamo Elect. 
Reynolds & Branson 


Trumeter 
THERMOPILES. See Thermo- 
couples—multi-function 
THERMISTORS 


* Circle No, 91 
Aveley Electric 
Cole (Overseas) R. H. 
Holiday & Hemmerdinger 
Le Carbone (Great Britain) 
Mullard 
Plessey Co. 
Radiospares 
Standard Telephones 
Texas Instruments 
Wayne Kerr Labs. 


THERMOCOUPLES—base metal 
¥* Circle No. 92 

Anders Electronics 
Bailey Meters & Control 
B.1.C.C. 
Bristol Inst. 
British Central Elec. 
British Driver Harris 
Rush, Peach. & Segner Bayiey 
Bryan Donkin 
Cambridge Instrument 
Flectrofio Meters 
Filiott Brothers 
Ether 
Foster Instrument 
Foxhoro-Yoxall 
Griffin & George 
Honeywell Controls 
Industrial Pyrometer 
Integra Leeds 
James Gordon 
Kandem Electrical 
Kelvin & Hughes 
Land Pyrometers 
Pyrotenax 
Research & Control Inst. 
Sangamo Western 
Sifam Fiectrical Instruments 
Technograph 
West Instrument 
White Electrical Inst. 


THERMOCOUPLES—contact 

type 

* Circle No. 993 
Railey Meters & Control 
Bristol Inst. 
Rritish Central Flec. 
Bush, Beach. & Segner Bayley 
Cambridge Instrument 
Flectroflo Meters 
Prher 
Foster Instrument 
Foxboro-Yoxall 
Headland Fre. Developments 
Honeywell Controls 
Industrial Pyrometer 
Kelvin & Hughes 
Land Pyrometers 
Research & Control Inst 
Sifam Flectrical Instruments 
Wavne Kerr Labs. 
West Instrument 


THERMOCOUPL ES—immersion 
+ Circle No. 904 

Bailey Meters & Control 
Rrietol Inet. 
British Central Elec. 
Rritish Sarozal 
Rush, Reach. & Segner Bayley 
Cambridge Instrument 
Electrofio Meters 
Fitiott Brothers 
Filiott Nucleonics 
Ether 
Foster Instrument 
Foxboro-Yoxall 
Honeywell Controls 
Industrial Pyrometer 
Integra Leeds 
Tames Gordon 
Kandem Electrical 
Land Pyrometers 
Sifam Flectrical Instruments 
Wayne Kerr Labs. 
West Instrument 
White Electrical Inst. 


THERMOCOUPLES—multi- 


junction 
* Circle No. 905 
Anders Electronics 
Bristol Inst. 
British Central Elec. 
Bryan Donkin 
Bush, Beach, & Segner Bayicy 
Cambridge Instrument 
Electrofio Meters 
Elliott Brothers 
Ether 
Foster Instrument 
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THE-VAL 


Hilger & Watts 
Honeywell Controls 
Land Pyrometers 
Research & Control Inst. 


Sifam Electrical Instruments 
West Instrument 


THERMOCOUPLES —rare meta! 
% Circle No, 906 
B.1.C.C. 


Bailey Meters & Control 
Bristol Inst. 

British Central Bilec. 
British Sarozal 

Bush, Beach, & Segner Bayicy 
Cambridge Instrument 
Electrofio Meters 

Elliot Brothers 
Engelhard (Ind. Plat. Div.) 
Ether 

Foster Instrument 
Foxboro- Y oxall 

Griffin & George 
Honeywell Controts 
Industrial Pyrometer 
Integra Leeds 

James Gordon 

Johnson Matthey 
Kandem Electrical 
Kelvin & Hughes 

Land Pyrometers 

Sifam Electric Instruments 
Technograph 

West Instrument 

White Electrical Inst. 


THERMOCOUPLES—vacuum 
*% Circle No 

Anders Electronics 

British Central Elec 
Foster Instrument 
Foxboro-Y oxall 

Hilger & Watts 

Sangamo Weston 

West Instrument 
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THERMOMETERS. bimeral 
¥ Circle No 

British Rototherm 
Darton. F 
Electrofio Meters 
Fuel Efficiency 
Griffin & George 
James Gordon 
Negretti & Zambra 
Newbold & Bulford 
Smith & Sons (England), S 
Stanicy, W. F. 
Teddinaton Refrigeration 
Zeal, G. H 


THERMOMETERS, filled system 
—pressure principle gs 


filled 

* Circle No. 909 
Railey Meters & Control 
Pristol Inst. 
Cambridge Instrument 
David Harcourt 
Delta Technical Services 
Electroflo Meters 
Eltiott Brothers 
Elliott Nucleonics 
Foxboro- Yoxall 
James Gordon 
Smith & Sons (England), S. 
Sunvic Controls 
Taylor Controls 


THERMOMETERS, filled system 
—pressure principle, vapour 
filled 
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* Circle No, 910 
Bristol Inst. 

British Rototherm 
Budenberg Gauge 
Cambridge Instrument 
Coley Thermometers 
David Harcourt 

Delta Technical Services 
Drayton Regulator 
Electroflo Meters 

Elliott Brothers 
Foxboro-Yoxall 

James Gordon 

K.D.G. Instruments 
Nottingham Thermometer 
Payne & Griffiths 
Smiths Industrial Inst 
Taylor Controls 
Teddington Ind. Equip. 
Zeal, G. H. - 


THERMOMETERS, filled system 
—volume principle, liquid 
filled 

* Circle No, 911 
Bristol Inst. 
British Steam Specialties 
Delta Technical Services 
Drayton Regulator 
Elliott Brothers 
Foxboro- Yoxall 
Griffin & George 
James Gordon 
K.D.G. Instruments 
Stanicy, W. F. 
Taylor Controls 


THERMOMETERS, filled system 









filled 


British Rototherm 
British Steam Specialties 
Budenberg Gauge 
Cambridge Instrument 
Coley Thermometers 
Drayton Regulator 
Electrical 











=f 





—volume principle, mercury 


%* Circle No. 912 


Electro Methods 

Engel & Gibbs 

Griffin & George 
K.D.G. Instruments 
Negretti & Zambra 
Nottingham Thermometer 
Stanicy, W. F. 

Taylor Controls 

Zeal, G. H. 


THERMOMETERS, liquid-in- 


glass 

*% Circle No. 913 
British Steam Specialties 
Darton, F. 
Griffin & George 
Goodmans Industries 
Negretti & Zambra 
Nottingham Thermometer 
Short & Mason 
Stanicy, W. F. 
Zeal, G. H. 


THERMOSTATS. See also Con- 


troliers 

% Circle No. 914 
A. M. Lock 
Black Automatic Controls 
Bristol Inst. 
British Rototherm 
British Sarozal 
Cambridge Instrument 
Crater Products 
Danfoss 
Delta Technical Services 
Drayton Regulator 
Flectrofio Meters 
Electro Methods 
Evans Electronic Develop. 
Fielden Electronics 
Fuel Efficiency 
Griffin & George 
G.E.C. 
James Gordon 
Mycalex 
Neegretti & Zambra 
Perl Controls 
Process Control Gear 
Pullin, R. B. 
Rheostatic Co 
Salford Elec. Instruments 
Sauter Controls 
Short & Mason 
Smith & Sons (England), S. 
Spirax-Sarco 
Stonebridge Electrical 
Sunvie Controls 
Teddington Ind. Equip 
Teddington Refrigeration 
Unity Heating 
Western Mfg. (Reading) 


THICKNESS GAUGES— 


eddy current 

* Circle No. 915 
Salford Flec. Instruments 
Sperry Gyroscope 


THICKNESS GAUGES— 


mechanical 

*% Circle No. 916 
Davy & United Instruments 
Sigma Inst. 


THICKNESS GAUGES— 


nucleonic 

%*% Circle No. 917 
Baldwin Industrial Controls 
Davy & United Instruments 
Fkeo Electronics 
Ellott Brothers 
Isotope Developments 
Research & Control Inst 
Vidor Batteries 


THICKNESS GAUGES— 

pneumatic 

* Circle No 
Joseph Lucas 
Siema Inet 
Thomas Mercer (Air Gauges) 
Timothy Eaton 
Vernon Instrument 
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THICKNESS GAUGES— 
ultrasonic 
%* Circle No. 919 
Aveley Electric 
British Sarozal 
Dawe Instruments 
Farnell Instruments 
Glass Developments 
Kelvin & Hughes 


THYRATRONS. 


Valves, 
electronic 


See 


TIMERS. See also Controllers, 
programme 
* Circle No. 920 
A.C.M. Electronics 
A.E.1. 
Airmec 
Allied Electronics 
Atkins Robertson 
Automatic Telephone 
Automation Consultants 
B. & R. Relays 
Bray, EB. N. 
Bristol Inst. 
British Federal Welder 
Brookhirst Iganic 
Peebles 


Elcontrol 
Electric Remote Control 
Electrotechnic 


Erie Resistor 

Evans Eletronic Develop. 
Farnell Instruments 
Graseby Instruments 
Griffin & George 

Hirst Electronics 

H. & B. Precision Eng. 
Kingston Control Systems 
Labgear 

Lancashire Dynamo Elect. 
Landis & Gyr 

Lindars Automation 
Londex 

Magneta Time Co. 
Magnetic Controls 
Mullard Equipment 
Newman Industries 
Nottingham Thermometer 
Page Engineering 

Panax Equipment 
Photoelectronics (M.0.M.) 
Racal Instruments 
Radiatron 

Rank Cintel 

Pecearch & Control Inst. 
Robinson, D. 

Sanders (Flectronics), W. H. 
Sargrove Electronics 
Small Electric Motors 
South London Elect. Equip. 
S.S. Electronics 

Sterling Instruments 
Sutton Coldfield Elec. Eng. 
T.A.L. Numatics 

Thomas Mercer 

Thomas Walker 

Timothy Eaton 

Trumeter 

Tlnilag 

Venner Electronics 
Woden Transformer 


TITRATION EQUIPMENT, 

automatic 
* Circle No. 921 

Raird & Tatiock 
Doran Instrument 
Galtienkamp, A. 
G.F..C. 
Griffin & George 
Nash & Thompson 
Pye, W. G. 
Research & Control Inst. 


TORQUE CONVERTERS 
%* Circle No, 97° 
Hobson, H. M. 
Plessey Co. 
Siemens Fdison Swan 
Woden Transformer 


TRANSFER FUNCTION ANA. 
LYSERS. See Frequency re- 
sponse analysers 

TRANSFORMERS — 


voltage 


constant 


*% Circle No 
Advance Components 
Aerocontacts 
Andec 
Relclere Co 
Rritich Central Elec. 
Pritish Serozal 
Fnalich Flectric 
Fortipbone 
Foster Transformers 
Gresham Transformers 
Olive: Pell 
PA.R 
R adiospares 
Simmons Electrical Winding 
Stewart Aero Supply 
Whitetrade 
Woden Transformer 


TRANSFORMERS—differentia! 
* Circle No, 924 
Aero Transformers 
Andec 
Belclere Coy 
British Central Elec. 
British Sarozal 
Rruce Peebles 
C.I.R. 
Correx 
Craven Electronics 
Filiot: Nucleonics 
Fortiphone 
Fred Ferraris 
Gresham Transformers 
Haddon Transformers 
Parmeko 
Radiospares 
Simmons Electrical Winding 
Smith Hobson 
Stewart Aero Supply 
Swartwout 
Telemeters 
Tinsley, H. 
Woden Transformer 


TRANSFORMERS—high 
perature 


923 


tem- 


% Cirele No. 925 
Aero Transformers 
Andec 
British Sarazol 
Brush Electrical 
Belclere Co. 
Express Transformers 
Ferranti 
Fortiphone 
Gardrers Radio 
Gresham Transformers 
Haddon Transformers 
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Stewart Acro Supply 
Woden Transformer 


TRANSFORMERS— instrument 


*% Circle No. 926 
Aero Transformers 
ndec 


A 

Atkins Robertson 
Aveley Electric 
Berclere Co. 

British Central Elec. 
British Sarazol 
Crompton Parkinson 
English Electric 
Ernes: Turner 

Everett Edgcumbe 
Express Transformers 
Ferranti 

Fortiphone 

Foster Transformers 
Gardners Radio 
G.E.C. 

Gresham Transformers 
Hackbridge & Hewittic 
Kendall & Mousiey 
Nalder Bros. & Thompson 
Oliver Pell 

P.A.R. 

Parmeko 

Plessey Co. 

Record Elec. 

Salford Elec. Instruments 
Sangamo Weston 
Simmons Electrical Winding 
Smith Hobson 
Stewart Acro Supply 
Telemeters 

Tyer 

White Electrical Inst. 
Woden Transformer 


TRANSFORME er 
% Circle No. 927 

Aero Transformers 

Andec 

Asquith Electrics 

Atkins Robertson 

British Central Elec. 

British Sarazol 

Bruce Peebles 

Brush Electrical 

C.IJ.R. 

Correx 

Crompton Parkinson 

English Electric 

Express Transformers 

Ferranti 

Fortiphone 

Foster Transformers 

Garcners Radio 

G.E.C. 

Gresham ‘Transformers 

Hackbridge & Hewittic 

Haddon Transformers 

Harvey Electronics 

Hirst Electronics 

Holiday & Hemmerdinger 

J.D. Electronics 

Johnson & Phillips 

Law & Plumtree 

Oliver Pell 

P.A.R. 

Parmcko 

Piessey Co. 

Phillips Control (G.B.) 

Radiospares 

Robinson, D. 

Standard Telephones 

Servo Units 

Smith Hobson 

S.S. Electronics 

Stewart Acro Supply 

Sykes, W 

Teledictor 

Telemeters 

Transformer & Electric 

Westool 

Whitetrade 

Woden Transformer 

Zenith Electric 


TRANSFORMERS—sub-minia- 
ture 


* Circle No. 928 


Aero Transformers 
Andec 

Ardente Acoustic Lab. 
Atkins Robertson 
Aveley Elecwic 
Belclere Co. 

Correx 

Fortiphone 

Gardners Radio 
Gresham Transformers 
Multitone Electric Co. 
Oliver Pell 

P.A.R. 

Parmeko 

Plessey Co. 
Radiospares 

Research & Control Inst. 
Short Bros. & Harland 
Smith Hobson 
Stewart Aero Supply 
Woden Transformer 


TRANSDUCER. As this term is 
employed loosely in different in- 
dustries, it has not been used as 
a generic heading covering 
measuring devices. Instead it has 
only been used twice, for Dis- 
placement and Force Transdu- 
cers, g.v., where it is i 
that an electrical output 





Mullard 

Newmarket Transistors 
R.C.A. (G.B.) 
Semiconductors 
Siemens Edison Swan 
Standard Telephones 
Texas Instruments 


TRANSMITTERS. See Conver- 
ters, and 


electro-! 
TUBING—<apillary 
* Circle No. 931 
EFllay Tubes 
Glass Developments 
Griffin & George 
Johnson Matthey 


TUBING—flexible metallic 
%* Circle No, 932 
Avica Equipment 
Benton & Stone 
Dunlop Rubber 
Hieh Pressure Components 
Johnson & Phillips 
Power Auxiliaries 
Samson Controls 
Sanders (Electronics), W. H. 
Simplex Electric 
Warden, A. 


TUBING—¢glass 
% Circle No. 933 
Glass Developments 
Griffin & George 


TUBING—>plastic 
%* Circle No. 934 
Airtech 
B.L.C.C. j 
Drallim Industries : 
Griffin & George 
High Pressure Components 
Johnson & Phillips 
Permali 
Polypenco 
Radiospares 
Warden, A. 


TUBING—rubber 
* Circle No. 935 
Airtech 


Avica Equipment 

Dunlop Rubber 

Griffin & George 

Hall & Hall 

High Pressure Components 
Precision Rubbers 
Warden, A. 


TURBIDIMETERS. See under 
Photometric ii 


ULTRASONIC INDUSTRIAL 
EQUIPMENT 
Circle No. 936 
Aveley 


British Sarazol 

Bruce Peebles 

Cawkell 

C.N.S. Instruments 

Cossor Instruments 

Craven Electronics 

Dawe Instruments 

Farnell Instruments 

Glass Developments 

Kelvin & Hughes 5) 
Lintronic | 
Metrix Instruments 

Mullard Equipment | 


UNISELECTORS. See Switches, 
uniselector 


VALVE ACTUATORS, electric 
-motor-operated—amulti- 
osition 
7 — Circle No. 937 
Drayton Regulator 
Electrofio Meters 
Electro- Hydraulics 
Foster Instrument A 


Hopkinsons 

Limitorque Valve Controls 
Miles-Hivolt 

Plessey Co. 

Rheostatic Co. 

Swartwout 

Teddington Ind. Equip. 
Teleflex Products 

Tully Engineering 


VALVE ACTUATORS, electric 
-motor-opera ropor- 
tio 
—— i Circle No. 938 
Drayton Regulator 
Electrofio Meters 


PP IE FN PEM 


Honeywell ‘Controls 
Limitorque Valve Controls 
Miles- Hivolt 
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VALVE ACTUATORS, 


VALVE ACTUATORS, 


electric 
y + ~y peeing 
ti 
™ wa Circle No. 939 
Drayton Regulator 
Electrofio Meters 


Stonebridge Electrical 
Teddington Ind. Equip. 


electric 
— 
position type 
Cots No, 940 


Fuel 


Miles-Hivolt 


Stonebridge Electrical 
Teddington Ind. Equip. 
Teleflex Products 


VALVE ACTUATORS, electro- 

hydraulically-operated 
howe No, 941 

Armstrong tworth Equip. 
Baldwin Industrial Controls 
Bell Precision 

Black Automatic Controls 

Boulton Paul Aircraft 

Dewrance 

Dowty Equipment 

Electroflo Meters 

Electro- Hydraulics 

Elliott Brothers 

Elliott Nucleonics 

Evershed & Vignoles 

Fairey 

Fisher Governor 

H.M.L. 

Hobson, H. M. 

Hydraulics & Pneumatics 

Isenthal 

Keelavite Hydraulics 

Lockheed Precision Products 

Miles-Hivolt 

Oliver Pell 

Oswalds & Ridgway 

Pratt Precision 

Reavell-Fahie 

Short Bros. & Harland 

Smith & Sons (England), S. 

Spenborough Engineering 

Sperry Gyroscope 

Teddirgton Ind. Equip. 

Tully Engineering 


VALVE ACTUATORS, electro- 


pneumatically-operated— 
cylinder 


%* Circle No, 942 


Air Automation 

Automa Engineering 

Bailey Meters & Control 

Baldwin Industrial Controls 

Black Automatic Controls 
Rubber 


Pp 
Elec. Steam & Mining 
Electrofio Meters 
Electro-Hydraulics 
Evershed & Vignoles 
Fisher Governor 
George Hughes 
Hobson, H. M. 
Hydraulics & Pneumatics 
Martonair 
Maxam Power 
Midland Pneumatic 
Miles- Hivolt 
Oliver Pell 
Schader’s Son, A. 
T.A.L. Numatics 
Westinghouse Brake 


VALVE ACTUATORS, electro- 


pneumatically-operated— 
motor 


Biectro- Hydraulics 
Fairey 
High Pressure Components 


H.M.L 


Hobson, H. M. 


Hydraulics & Pneumatics 


Integral 


Joseph Lucas (H. & C.) 
Keelavite Hydraulics 
Lockheed Precision 


Martonair 


Maxam Power 
Miles- Hivolt 


Sperry Gyroscope 
Stein- Atkinson 
Vickers- Armstrong 


VALVE ACTUATORS, hydrau- 
lically-operated—motor 


% Circle No. 945 


Electro- Hydraulics 


Fairey 
H.M.L. 


Hobson, H. M. 
Joseph Lucas (H. & C.) 


Keelavite 
Lockheed 


Hydraulics 
Precision Products 


Miles- Hivolt 

Pratt Precision 
Reavell-Fahie 

Stein- Atkinson 
Teddington Ind. Equip. 
Vickers- Armstrong 


VALVE ACTUATORS, mechani- 
cally-operated—rotary shaft 


*% Circle No. 946 


British Steam Specialities 
Baldwin Industrial Controls 
D.E.V. Engineering 
Electro- Hydraulics 

Hobson, H. M. 

Limitorque Valve Controls 
Miles- Hivolt 

Pratt Precision 

White Dental Mfg. 


VALVE MTUETOS, mechani- 
a ed—sli t 
— ee Circle ‘No. 947 VALVE ACTUATORS, solenoid- 


Black Automatic Controls 
Electro- Hydraulics 

Miles- Hivot 

Pratt Precision 


VALVE ACTUATORS, pneuma- 
tically-operated—cylinder 


%* Circle No. 948 


Air Automation 


Baldwin 


Industrial Controls 


Bailey Meters & Conwol 
Benton & Stone 
Black Automatic Controis 


Drayton 


Regulator 


Dunlop Rubber 

Elec. Steam & Mining 
Electrofio Meters 
Electro-Hydraulics 
Fisher Governor 
Foxboro-Y oxall 
George Hughes 
George Kent 

Globe Pneumatic Eng. 


Hobson, 


H. M. 


Hydraulics & Pneumatics 
James Gordon 

Lang Pneumatic 
Martonair 

Maxam Power 


Midland 


Pressure 


Pneumatic 


Miles-Hivolt 


Control 


Schrader’s Son, A. 


T.A.L. Numatics 


Westinghouse Brake 


VALVE ACTUATORS, pneuma- 
tically-operated—diaphragm 


motor 


%*% Circle No. 949 


Black Autornatic Coutrols 


Baldwin 


Industrial Controls 


Blakeborough 

Crosby Valve & Eng. 
Elliot. Brothers 
Elliott Nucleonics 
Elec. Steam & Mining 
Electro-Hydraulics 
Foxboro-Y oxal! 
Fisher Governor 


Hobson, 


H. M,. 


Honeywell Controls 
Hunt & Mitton 
James Gordon 
Miles-Hivolt 


Samson 


Controls 


Sauter Controls 


T.A.L. Numatics 


Taylor Cox ‘rols 


% Circle No. 943 VALVE ACTUATORS, pneuma- 
tically-operated—gear-driven 


Blakeborough 
Electro-Hydraulics 

James Gordon 

Limitorque Valve Controls 


Electro- Hydraulics 


Miles-Hivoh 
T.A.L. Numatics 


VALVE ACTUATORS 
lically-operated—cylinder 


% Circle No, 944 


Baldwin Industrial 

Beil 3 Precision Controls 
Automatic Contro 

Dowty Equipment 7 

Pinlop a on 

Elec. Steam 

Electrofio Meters -_ 


hydrau- 


Circle No. 950 


T.A.L. Numatics 
VALVE ACTUATORS, pneuma- 


tically-operated—piston 


motor 


*% Circle No. 951 


Drayton Regulaior 
Electro-Hydraulics 
Globe Pneumatic Eng. 


Hobson 


, H. M. 


James Gordon 


Limitorque Valve Controls 
Miles-Hivolt 
T.A.L. Numatics 


VALVE ACTUATORS, pneumat- 
lealty-epereted-——ceaary, vane 
°. 


* Circle 952 


Kinetrol 


VALVE ACTUATORS, 
operated (internal-pilot op- 
erated valves, 
valves and 
valves) 


self- 


viz. reducin, 
self-contain 


* Circle No. 953 


Air Automation 

Benton & Stone 

Black Automatic Controls 
Blakeborough 

Crosby Valve & Eng. 
Dewran 


ce 
Dowty Equipment 

Dunlor Rubber 

Drayton Regulator 

Elec. Steam & Mining 
Electro-Hydraulics 

Fairey 

Fisher Governor 

H.M.L. 

Integra! 

Isenthal 

Lang Pneumatic 

Lockheed Precision Products 


Miles-Hivolt 


Norgren, C. A. 
Normalaic 

Oswalds & Ridgway 
Platon, G. A. 

Pratt Precision 


Pressure Control 


Samson Controls 


Short Bros, & Harland 
Smita & Sons (England), S. 
Spirax-Sarco 

Teddington Ind. Equip. 
Teddington Refrigeration 
T.A.L. Numatics 

faylor Controls 

Woden Transformer 
Vickers-Armstrong 


operated—diaphragm type 
¥*% Circle No, 954 

Benton & Stone 

Black Automatic Controls 

Drayton Regulator 

Electro-Hydraulics 

Hobson, H, M 

Laycock Enginecring 

Magnetic Valve 

Meynell 

Miles-Hivolt 

Teddington Ind. Equip. 

Teddington Refrigeration 

T.A.L. Numatics 

Woden Transformer 

Williams (B’ham), R. A. 


VALVE ACTUATORS, solenoid- 


operated—pilot type 

* Circle No. 955 
Air Automation 
Benton & Stone 
Baldwin {ndustrial Controls 
Black Automatic Controls 
Dewrance 
Dowty Equipment 
Drayton Regulator 
Dunlop Rubber 
Elecwo-Hydraulics 
Electro-Mechanical Systems 
George Hughes 
H.M.L. 
Hobson, H. M. 
Jones Tate 
Keelavite Hydraulics 
Lang Pneumatic 
Laycock Engineering 
Magnetic Valve 
Maxam Power 
Miles-Hivolt 
Pratt Precision 
Schrader’s Son, A. 
S.E, Laboratories 
Smith & Sons (England), S. 
Stein-Atkinson 
Teddington Ind. Equip. 
T.A.L. Numatics 
Willams (B’ham), R. A. 
Woden Transformer 


VALVES, ELECTRONIC— 


amplifying 

%* Circle No. 956 
Aerocontacts 
Cossor Instruments 
E.M.I. Electronics 
English Electric Valve 
Farnell Instruments 
Ferrantl 
G.E.C. 
Hivac 
Holiday & Hemmerdinger 
Lee Products 
Marconi, W. T. 
Mullard 
Perl Controls 
R.C.A. (G.B.) 
Siemens Edison Swan 
Standard Telephones 
Stewart Aero Supply 


VALVES, ELECTRONIC— 
cold-cathode 
*% Circle No. 957 
Aerocontacts 
Ericsson Telephones 
Farnell Instruments 
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Ferranti 
G.E.C. 
Hivac 


Holiday & Hemmerdinger 


Standard Teiephones 
Stewart Acro Supply 


VALVES, ELECTRONIC— 


detectin 

. *% Circle No. 958 
Acrocontacts 
Cossor Instruments 
Ferranti 
G.B.C. 
Holiday & Hemmerdinger 
Lee Products 
Marconi W.T. 
Mullard 
R.C.A. (G.B.) 
Siemens Edison Swan 
Standard Telephones 
Stewart Aero Supply 


VALVES, ELECTRONIC— 


electrometer 
*% Circle No, 959 
Ferranti 
Hivac 
Holiday & Hemmerdinger 
Mullard 
R.C.AAG.B.) 
Stewart Aero Supply 


VALVES, ELECTRONIC— 


power output 

* Circle No. 960 
Aerocontacts 
English Electric Valve 
Farnell Instruments 
Ferranti 
G.E.C. 
Hivac 
Holiday & Hemmerdinger 
Lee Products 
Marconi W.T. 
Mullard 
R.C.A, (G.B.) 
Siemens Edison Swan 
Standard Telephones 


VALVES, ELECTRONIC— 


rectifyin 

fying * Circle No, %61 
A.E.L. 
Aerocontacts 


Cossor Instruments 
EMI Electronics 
English Electric Valve 
Farnell Instruments 
Ferranti 

G.E.C. 

Holiday & Hemmerdinger 
Lee Products 
Marconi, W, T. 
Miles-Hivolt 

Mullard 

Perl Controls 

R.C.A. (G.B.) 
Siemens Edison Swan 
Standard Telephones 
Stewart Aero Supply 


VALVES, ELECTRONIC— 

sub-miniature 
* Circle No. 962 

Aerocontacts 
Automatic Telephone 
Farnell Instruments 
G.E.C. 
Hivac 
Holiday & Hemmerdinger 
Mullard 
R.C.A. (G.B.) 
Siemens Edison Swan 
Standard Telephones 
Stewart Acro Supply 


VALVES, ELECTRONIC— 
thermal delay 


¥* Circle No. 963 


Coventry Controls 

Hivac 

Holiday & Hemmerdinger 
Mullard 

R.C.A, (G.B.) 

Siemens Edison Swan 
Standard Telephones 


VALVES, ELECTRONIC— 
thyratron 


A.E.L. 

Aerocontacts 

EMI Electronics 

English Electric Valve 
Farnell Instruments 
Ferranti 

G.EB.C. 

Hivac 

Holiday & Hemmerdinger 
Marconi, W. T. 


* Circle No. 964 


Siemens Edison Swan 
Standard Telephones 


VALVES, FLUID—an 


gle 
* Circle No. 965 


Appleby & Ireland 

Black Automatic Controls 
Blakeborough 

British Steam Specialties 
Cockburns 

Crosby Valve & Eng. 
D.E.V. Engineering 


Meynell & Sons 
Pressure Control 
Reavell-Fahie 
Rheostatic Co. 
Saunders Valve 
Sydney Smith 
Thos. Ryder 
Vickers- Armstrong 


VALVES, FLUID—butterfly 


Circle No. 966 
Alexander Controls 
Armstrong Whitworth Equip. 
Bailey, Sir W. H. 
Blakeborough 
British Arca Regulators 
British Steam Specialties 
Bryan Donkin 
Cockburns 
Crosby Valve & Eng. 
D.E.V. Engineering 
Drayton Regulator 
Elec, Steam & Mining 
Electroflo Meters 
Electro-Hydraulics 
Elliott Nucleonics 
Fisher Governor 
Foxboro- Y oxall 
Fuel Efficiency 
Hopkinsons 
Heaton & Co. 
Inness 
James Gordon 
Joshua Hindle 
Normalair 
Reavell-Fahie 
Rheostatic Co. 
Saunders Valve 
Sauter Controls 
Stonebridge Electrical 
Thos. Ryder 


VALVES, FLUID—control 


*% Circle No. 967 
Air Automation 
Alexander Controls 
Appleby & Ireland 
Armstrong Whitworth Equip. 
Avery Hardoll 
Bailey, Sir W. H. 
Baldwin Industrial Controls 
Birfield Indsutries 
Black Automatic Controls 
Blakeborough 
British Arca Regulators 
British Steam Specialties 
Cockburns 
Crosby Valve & Eng. 
Dewrance 
Dowty Equipment 
Dowty Hydraulic Units 
Drallim Industries 
Elec. Steam & Mining 
Electrofio Meters 
Electro- Hydraulics 
Ether 
Exactor 
Feeny & Johnson 
Fisher Governor 
Foxboro- Yoxall 
George Ellison 
Hamworthy Eng. 
High Presure Components 
H.M.L 


Hobson, H. M. 
Honeywell Controls 
Hopkinsons 

Hunt & Mitton 
Hydraulics & Pneumatics 
Inness 

Integral 

James Gordon 

Joshua Hindle & Sons 
Keelavite Hydraulics 
Laycock Engineering 
Martonair 

Meynell & Sons 

Midland Pneumatic 
Palatine Tool & Eng. 
Platon, G. A. 

Pratt Precision 

Pressure Control 
Rheostatic Co. 

Saunders Valve 

Samson Controls 

Sauter Controls 

S.E. Laboratories 
Simmonds Acrocessories 
Smith & Sons (England), S. 
Smiths Jacking Systems 
Spenborough Engineering 
Stein Atkinson 

Stewart Acro Supply 
Stonebridge Electrical 
Stuart Davis 

Sydney Smith 

T.A.L. Numatics 
Taylor Controls 

Thos. Ryder 

Vickers 

Vickers- Armstrong 
Western Mfg. (Reading) 


VALVES, FLUID—damper 
* Circle No. 968 
B. & D. Swift 


















VALVES, FLUID —slaphrsem 


Circle No. 969 
Air Automation 
Alexander Controls 
Appleby & Ireland 
Baldwin Industrial Controls 
Birfield Industries 
Black Automatic Controls 
British Steam Specialties 
Bryan Donkin 
Cockburns 
Crosby Valve & Eng. 
Drallim Industries 
Elec. Steam & Mining 
Electrofio Meters 
Electro- Hydraulics 
Elliott Nucleonics 
Fisher Governor 
George Ellison 
Heaton & Co. 
H.M.L. 
Honeywell Controls 
Hymatic Engineering 
Inness 
James Gordon 
Laycock Enginecring 
Martonair 
Meynell & Sons 
Pressure Control 
Samson Controls 
Sauter Controls 
Taylor Controls 
Thos. Ryder 


VALVES, FLUID—double-ported 


globe 

* Circle No. 970 
Alexander Controls 
Black Automatic Controls 
Blakeborough 
British Steam Specialties 
Crosby Valve & Eng. 
Dewrance 
Electrofio Meters 
Electro-Hydraulics 
Fisher Governor 
Foxboro-Y oxall 
High Pressure Components 
H.M.L. 
Honeywell Controls 
Hunt & Mitton 
Hydraulics & Pneumatics 
Innes; 
Mcynell & Sons 
Taylor Controls 
Thos. Ryder 


VALVES, FLUID—fireproof 
%* Circle No. 971 
Alexander Controls 
Appleby & Ireland 
Electro-Hydraulics 
Flight Refuelling 
Inness 
Thos, Ryder 
VALVES, FLUID—fiow dividin 
*% Circle No, 97 
Armstrong Whitworth Equip 
Birfield Industries 
Blakeborough 
British Arca Regulators 
Crosby Valve & Eng. 
Dowty Equipment 
Drayton Regulator 
Electrofio Meters 
Electro-Hydraulics 
Fisher Governor 
Foxboro-Y oxall 
George Ellison 
goed Eng. 
H.M.L. 


Hobson, H, M. 
Honeywell Controls 
Hunt & Mitton 

Inness 

Integral 

Keelavite Hydraulics 
Meynell & Sons 
Normalair 

Pressure Control 
Rheostatic Co. 

Smith & Sons (England), S. 
Smiths Jacking Systems 
Spirax-Sarco 
Stein-Atkinson 

Stuart Davis 

Taylor Controls 

Thos. Ryder 
Vickers-Armstrong 


VALVES, FLUID—gate 
% Circle No, 973 

Appleby & Ireland 
Biakeborough 
British Steam Specialties 
Bryan Donkin 
Cockburns 
Dewrance 
Elecu o-Hydraulics 
H.M.L. 
Heaton & Co. 
Hopkinsons 
Inness 
Joshua Hindle & Sons 
Meynell & Sons 
Seunders Valve 
Sydney Smith 
Thos. Ryder 
Vickers 
Vickers-Armstrong 


Warden, A. 


VALVES, RD —sialeeere 
Circle No, 974 
Air Automa 


Alexander Controls 
Appleby & Ireland 

Black Automatic Controls 
Dowty Equipment 
Electro-Hydraulics 

Fisher Governor 

High pa Components 
H.M.L 

Hobson, H. M. 

Hymatic Enginecring 
Martonair 

Pressure Control 
Saunders Valve 
Spenborough Engineering 
Thos. Ryder 


VALVES, FLUID—non-return 
% Circle No, 975 

Airc Automation 
Armstrong Whitworth Equip. 
Appleby & Ireland 
Baldwin Industrial Controls 
Bailey, Sir W. H. 
Birfield Industries 
Blakeborough 
British Steam Specialties 
Cockburns 
Daafoss 
Dewrance 
Dowty Equipment 
Dowty Hydraulic Units 
Dunlop Rubber 
Electro-Hydraulics 
Exactor 
Feeny & Johnson 
Flight Refuelling 
George Ellison 
Heaton & Co. 
High Pressure Components 
H.M.L. 
Hobson, H. M 
Hopkinsons 
Hunt & Mitton 
Hymatic Engineering 
Inness 
Integral 
Joshua Hindie & Sons 
Keelavite Hydraulics 
Kontak Manufacturing 
Laycock Engineering 
Martonair 
Meynell & Sons 
Midland Pneumatic 
Normaiair 
Pratt Precision 
Pressure Control 
Saunders Valve 
S.E. Laboratories 
Short Bros. & Harland 
Smith & Sons (England), S. 
Smiths Jacking Systems 
Spenborough Engineering 
Stein-Atkinso.1 
Stewart Acro Supply 
Sydney Smith 
T.A.L. Numatics 
Thos. Ryder 
Vickers 
Vickers-Armstrong 
Warden, A, 

B) tar, 

VALVES, FLUID—pressure re- 
ducing 

*% Circle No. 976 

Air Automation 
Armstrong Whitworth Equip. 
Appleby & Ireland 
Bailey, Sir W. H. 
Baldwin Industrial Controls 
Birficid Industries 
Black Automatic Controls 
Blakeborough 
British Arca Regulators 
British Steam Specialties 
Bryan Donkin 
Cockburns 
Crosby Valve & 
Dewrance 
Dowty Equipment 
Drayton Regulator 
Dunlop Rubber 
Elec. Steam & Mining 
Electrofio Meters 
Electro-Hydraulics 
Electro-Mechanical Systems 
Elliot” Nucleonics 
Fisher Governor 
Foxboro-Yoxall 
George Ellison 
George Kent 
High Pressure Components 
H.M.L. 
Hobson, H. M. 
Honeywell Controls 
Hopkinsons 
Hunt & Mitton 
Hymatic Engineering 
Inness 
Integral 
James Gordon 
Keelavite Hydraulics 
Martonair 
Midland Pneumatic 
Norgren, C. A. 
Normalair 
Payne & Griffiths 
Plessey Co 
Pratt Precision 
Pressure Control 
Samson Controls 
Samuel Birkett 
S.E. Laboratories 
Short Bros. & Harland 
Smith & Sons (England), S. 
Smiths Jacking Systems 


Eng. 


Taylor Controls 
Thos. Ryder 
Vickers 
Vickers-Armstrong 
Warden, A. 
Williams & James 


VALVES, FLUID—+sequence 
% Circle No. 977 

Baldwin Industrial Controls 
Black Automatic Controls 
British Arca Regulators 
Dewrance 
Drayton Regulator 
Dunlop Rubber 
Elect o-Hydraulics 
George Ellison 
Hobson, H. M. 
Keelavite Hydraulics 
Martonair 
Midland Pneumatic 
Pratt Precision 
Short Bros. & Harland 
Smith & Sons (England), S. 
Stein-Atkinson 
Thos. Ryder 
Vickers 
Vickers-Armstrong 


VALVES, FLUID—+single-ported 

globe 
* Circle No. 978 

Alexander Controls 
Blakeborough 
British Steam Specialties 
Crosby Valve & Eng. 
Electrofio Meters 
Electro-Hydraulics 
Fisher Governor 
High Pressure Components 
Honeywell Controls 
Hunt & Mitton 
Inness 
Taylor Controls 
Thos. Ryder 


VALVES, FLUID—-split-globe 
%* Circle No. 979 

Electrofio Meters 
Electro-Hydraulics 
Honeywell Controls 
Irness 
Meynell & Sons 
Thos. Ryder 


VALVES, FLUID—three-way 
* Circle No. 980 

Air Automation 
Baldwin Industrial Controls 
Black Automatic Controls 
Blakeborough 
British Arca Regulators 
British Steam Specialties 
Cockburns 
Crosby Valve & Eng. 
Dowty Equipment 
Dowty Hydraulic Units 
Drallim Industries 
Drayton Regulator 
Electrofio Meters 
Electro-Hydraulics 
Fisher Governor 
Foxboro-Y oxall 
Fuel Efficiency 
George Ellison 
Honeywell Controls 
Hopkinsons 
Hunt & Mitton 
Hydraulics & Pneumatics 
Inness 
Integral 
Joshua Hindle & Sons 
Keelavite Hydraulics 
Martonair 
Meynell & Sons 
Pratt Precision 
Pressure Control 
Rheostatic Co. 
Samson Controls 
Sauter Controls 
Saunders Valve 
S.E. Laboratories 
Smiths Jacking Systems 
Spenborough Engineering 
Stonebridge Electrical 
Stuart Davis 
Thos. Ryder 
Taylor Controls 
Vickers 
Spirax-Sarco 
Vickers-Armstrong 


VALVES, FLUID—venturi 

throat 
* Circle No. 981 

Black Automatic Controls 
Blakeborough 
Cockburns 
Crosby Valve & Eng. 
Dewrance 
Electroflo Meters 
Electro-Hydraulics 
Fisher Governor 
Foxboro-Y oxall 
Hopkinsons 
Hymatic Engineering 
Inness 
Thos. Ryder 


VALVE POSITIONERS, 

matic—force-balance 
%*% Circle No. 982 

Black Automatic Controls 
Crosby Valve & Eng. 
Drayton Regulator 
Elliott Brothers 
Elliott Nucleonics 


pneu- 


Black Automatic Controls 
British Arca Regulators 
Bailey Meters & Control 
Drayton Regulator 
Electrofio Meters 

George Kent 

James Gordon 

Taylor Controls 


VALVE POSITIO 

INDICATORS 
* Circle No, 984 

British pom Specialties 
Bruce Peebles 
Craven Electronics 
D.E.V. Engincering 
Dowty Equipment 
Deayton Regulator 
Electrofio Meters 
Evershed & Vignoles 
Fisher Governor 
Foxboro-Y oxall 
Hopkinsons 
Record Elec. 
Samson Controls 
Smiths Industrial Inst. 
Sunvic Controls 
Teddington Ind. Equip. 
Telemeters 
Trumeter 


VIBRATION—analysers 


Armstrong itworth Equip. 
Aveicy Electric 

K. 
Brush Electrical 
Claude Lyons 
Dawe Instruments 
Epsylon Industries 
Fairey 
Farnell Instruments 
Giesler, C, F. R. 
James Scott Elec. Eng. 
Lancashire Dynamo Elect. 
Muirhead 
Research & Control Inst. 
Royston Instruments 
Sperry Gyroscope 


VIBRATION—generators 
Circle No, 986 
Bryan Savage 


B. & K. Labs. 

Epsylon Industries 
Farnell Instruments 
Goodmans Industries 
Research & Control Inst. 
Sargrove Electronics 
Sinex Engineering 


VIBRATION—mountings 
* Circle No. 987 
Cementation 
Dunlop Rubber 
Expanded Rubber 
Fairey 
Howard Clayton-Wright 


VIBRATION—testing equip- 
ment 
* Circle No. 988 
A.E.I. 
Allied Electronics 
Armstrong Whitworth Equip. 
Aveley Electric 
B. & K. Labs. 
Bryan Savage 
Cambridge Instrument 
Dawe Instruments 
EMI Electronics 
Ericsson Telephones 
Farnell Instruments 


3.B.C, 

Giesler, C, F. R. 
Gresham Developments 
Griinther Ind. Developments 
Hendrey Relays 
Magnetic Equipment 
Muirhead 

Paton Hawksley 
Research & Control Inst. 
Telecommunication Inst. 
Wayne Kerr Labs. 


VISCOSITY INDICATORS, 
continuous reading 
* Circle No. 989 
Dobbie McInnes 
Elliott Brothers 
Ferranti 
Kandem Electrical 
Short & Mason 
Timothy Eaton 


VOLTAGE REGULATORS 
* Circle No. 990 

Advance Components 
A.E.L. 
Airmec 
Allied Electronics 
Bailey Meters & Control 
British Central Elec. 
British Elec. Resistance 
British Sarazol 
Brookhirst Igranic 
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WEIGHERS, 


WEIGHERS. 


WEIGHERS, 


WOBBE 
M 


Albert Mann Eng. 
British Central Elec. 


Sanders YEectronics), W. H. 
Vernons Industries 


Circle No. 985 were! PURIFICATION 


* Circle No. 992 
Elga Products 
Permutit 


WEIGHERS, INDUSTRIAL. See 
also Load cells 
WEIGH 


ERS. INDUSTRIAL— 

electronic systems 
Circle No. 993 

Adequate Weighers 
Air Trainers Link 
Albert Mann Eng. 
Ariel Sound 
Automa Engineering 
Automation Consultants 
Bruce Peebles 
Craven Electronics 
Davy & United Instruments 
Elcontrol 
Electroweighers 
EMI Electronics 
Ericsson Telephones 
Industrial Products 
Lancashire Dynamo Elect. 
Merrick Scale Mfg. Co. 
Parsons, S 
Radiovisor Parent 
Research & Control Inst. 
Richardson Scale 
S.E. Laboratories 
Sinex Laboratories 
Solartron 
Telecommunication Inst. 


INDUSTRIAL— 
hydraulic systems 

Circle No, 994 
Adequate Weighers 
Industrial Products 


Taylor Conwols 


INDUSTRIAL— 
systems 
x Circle No, 995 
Adequate Weighers 
Aero Transformers 
Air Trainers Link 
Ariel Sound 
Automation Consultants 
Geo. Salter 
Lindars Automation 
Merrick Scale Mfg. 
Parsons, S. 
Richardson Scale 
Valley Products 
Wallace & Tiernan 


INDUSTRIAL— 
pneumatic systems 

* Circle No. 996 
Adequate Weighers 
Electrofio Meters 
Foxboro-Yoxall 
Merrick Scale Mfg. 


Parsons, S. 
Richardson Scale 
Taylor Controls 
Wallace & Tiernan 


mechanical 


WIRE RECORDERS. See Mag- 


netic wire recorders 
*% Circle No, 997 


INDEX  INSTRU- 
ENTS 

Ernest Turner 

George Kent 





yy 
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IRREGULAR PAGINATION 


age gaps 


"missing pages" were allocated to 
advertisers (before publication) 
who did not advertise. 





